An evaluation of the effectiveness of a computer-aided assessment system for mathematics and engineering students by Stephen Broughton (1258758)
University of Loughborough
Master’s Thesis
An evaluation of the effectiveness of a
computer-aided assessment system for
mathematics and engineering students
Author:
Stephen James Broughton
Supervisors:
Dr. Paul Hernandez-Martinez
Prof. Carol L. Robinson
A thesis submitted in fulfilment of the requirements
for the degree of Master of Philosophy
in the
Mathematics Education Centre
School of Science
April 5, 2017
Declaration of Authorship
I, Stephen James Broughton, declare that this thesis titled, ’An evaluation of the
effectiveness of a computer-aided assessment system for mathematics and engineering
students’ and the work presented in it are my own. I confirm that:
 This work was done wholly or mainly while in candidature for a research degree at
this University.
 Where any part of this thesis has previously been submitted for a degree or any
other qualification at this University or any other institution, this has been clearly
stated.
 Where I have consulted the published work of others, this is always clearly at-
tributed.
 Where I have quoted from the work of others, the source is always given. With the
exception of such quotations, this thesis is entirely my own work.
 I have acknowledged all main sources of help.
 Where the thesis is based on work done by myself jointly with others, I have made
clear exactly what was done by others and what I have contributed myself.
Signed:
Date:
i
“Those who have taken upon them to lay down the law of nature as a thing already
searched out and understood, whether they have spoken in simple assurance or profes-
sional affectation, have therein done philosophy and the sciences great injury.”
Francis Bacon
“Language is only the instrument of science, and words are but the signs of ideas: I
wish, however, that the instrument might be less apt to decay, and that signs might be
permanent, like the things which they denote.”
Samuel Johnson
UNIVERSITY OF LOUGHBOROUGH
Abstract
School of Science
Mathematics Education Centre
Master of Philosophy
An evaluation of the effectiveness of a computer-aided assessment system
for mathematics and engineering students
by Stephen James Broughton
Computer-aided assessment is a means by which to assess many students quickly and
efficiently. Its popularity as a tool for assessing mathematics increased substantially in
the first decade of this millennium as computing and the Internet became more widely
available, and as cohort sizes grew.
This research sought to evaluate one such system that had been used at a higher education
institution for over ten years. However, the literature does not offer a clear or detailed
framework from which to perform an evaluation of this system.
Using cultural-historical activity theory, and cues from assessment literature, this re-
search presents a model for effective assessment. It provides a framework for judging
where an assessment is effective for individuals using the assessment and where it ceases
to be effective.
Case study analyses helped to identify where the assessment tool was no longer effective.
It identified that students struggled to construct new goals after the summative phase
of assessment. It also explained how and why the lecturers had diverse practices.
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Chapter 1
Introduction
A computer-aided assessment (CAA) system had been used at a higher education in-
stitution for more than ten years, but had not been formally evaluated. It was used
with first year students that were studying mathematics modules towards mathematics
or engineering degrees. The question bank for engineering students was the product of
the HELM (Helping Engineers Learn Mathematics) Project (Green, Harrison, Palipana,
Pidcock, &Ward, 2004); a second question bank was later developed for the same system,
but for mathematics students.
The need for an evaluation arose from anecdotal concerns that students were not using
the CAA tests in the manner in which it was intended. In particular, some lecturers were
suspicious that some students were cheating — for example, some students had managed
to complete the test in less than one second — or they were using the model feedback
on offer in the practice tests to model their solutions in the summative test.
An earlier focus group showed that students were particularly dedicated to the CAA
tests in order to maximise their marks; they would use the practice tests to perfect their
methods ready for the summative test (Broughton, Hernandez-Martinez, & Robinson,
2012). However, those students also felt that some students were able to do well in the
tests without engaging with the course (Broughton, Hernandez-Martinez, & Robinson,
2011).
These concerns made an evaluation of the CAA system necessary; however, evaluations
of assessment tools appear not to be common. Indeed, the literature review (Chapter 2,
p. 4) suggests that there is no rigorous framework from which to evaluate an assessment,
though the literature does suggest qualities and characteristics of a desirable assessment
(for example, Gibbs & Simpson, 2005; Nicol & Macfarlane-Dick, 2007; Black & Wiliam,
2009).
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The second part of the literature review discusses the use of CAA to assess mathematics
in higher education (p. 27). Its use has increased substantially since primitive forms
of CAA were introduced in the 1970s and are now relatively commonplace in higher
education mathematics courses. There are diverse systems in current use and continue
to be developed. Some contemporary systems use underlying mathematical software to
judge algebraic and graphic responses to questions, while some systems were reliant on
multiple choice or numerical input questions — such as the system evaluated for this
study.
The literature review concludes that the need for an evaluation of a CAA system is
not unique to the situation in this study: there is a lack of a theoretically-conceived
evaluation framework for assessing and critiquing assessment tools — Taras (2010a)
notes this with regard to assessment for learning and formative assessment; Tight (2004)
comments on the lack of theorisation in higher education research more widely. The
issues that were identified anecdotally seemed to be complaints made more generally in
the higher education sector and there is a need for a framework to assess assessment.
The need for an evaluation, and with a need for a framework for evaluating the CAA
system, led to the three research questions (RQs) for this study.
RQ1. What makes an assessment “effective”?
RQ2. Under what conditions is the CAA system an effective assessment?
RQ3. What would make the CAA system more effective as an assessment tool?
To build a framework for assessment, the theoretical framework chapter (Chapter 3,
p. 45) provides a basis from which to examine activity and helps identify what an assess-
ment would ideally achieve. Cultural-historical activity theory (CHAT) is a framework
that models human activity and provides points of reference for analysing how humans
act. CHAT is particularly useful in relating actions to their intentions — in CHAT
terminology, goals direct actions. Goals are important in assessment; they are what stu-
dents and lecturers wish to achieve. This motivates the model for effective assessment
(p. 68). This model provides a framework to determine the scope of effectiveness for an
assessment.
The methodology chapter (Chapter 4, p. 73) discusses how to obtain data to determine
where the assessment was effective and where it ceased to be effective, with respect to
both students and lecturers. The theoretical framework directs the methodology to an
extent, since it is necessary to obtain information about an individual’s goals and actions.
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This chapter explains the reasons for using questionnaires and interviews to obtain these
data, outlines how these methods were used, and how the data were analysed.
The questionnaires and interviews with students and lecturers provided individual case
studies for students and lecturers using the CAA system for assessment. From their
perspectives, the analysis chapter (Chapter 5, p. 91) determines the activity of assessment
through this CAA system. The model for effective assessment is used to show that
the CAA system was effective for some aspects of what students and lecturers wanted
to achieve through an assessment exercise, but there were substantial limitations that
prevented the system from being more effective.
This thesis concludes with some reflections on using the model for effective assessment
and how the individuality of the users of CAA mean that the assessment can never be
universally and always effective. The conclusions chapter (Chapter 6, p. 153) makes
some recommendations for the use of CAA system, based on the practices that the
students and lecturers reported in the interviews, that appear to increase its scope of
effectiveness.
Chapter 2
Literature Review
The primary aim of this project was to evaluate a mathematics-based computer-aided
assessment (CAA) system that has been used for several years with first year students at
a higher education establishment. This literature review starts by making several points:
• There is little guidance in the literature for performing evaluations on an assess-
ment.
• Existing frameworks and definitions are not universally accepted in the literature.
• There is an opportunity to develop a model for an effective assessment using existing
literature and a theoretical framework.
This literature review examines higher education assessment literature and the use of
CAA in mathematical sciences in higher education. The methods for searching for articles
relating to these two aspects of assessment included the use of keywords in Google Scholar
and Loughborough University’s library website search facility. These keywords included:
assessment for learning CAA computer-aided assessment
computer-based assessment engineering mathematics feedback
formative assessment higher education summative assessment
From the papers identified using combinations of these search strings, those referring to
the use of CAA systems in higher education mathematics and engineering mathematics
— or seminal papers on higher education assessment — were considered in this literature
review.
One of the aims of this study, and this literature review, is to address the first research
question (RQ) in order to determine and justify whether the CAA system is effective.
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RQ1. What makes an assessment tool effective?
The second part of this literature review provides a background to CAA. While the CAA
system cannot be evaluated using existing literature, it is important for the reader to
understand why CAA is becoming far more relevant in mathematics education at higher
education level and its implications on teaching and learning practice.
The literature reports of increasing uptake of CAA in mathematics-based subjects (Greenhow,
2015, for example); and that doing so brings many benefits, both for lecturers and for stu-
dents (Bull & Danson, 2004). However, there also issues with using CAA. This literature
review will discuss both the benefits and the problems.
There have been notable advances in mathematics-based CAA systems since the turn
of the century (Sangwin, 2013); and as such systems become more readily available, the
evaluation of the existing system at the studied institution is ever more pertinent. This
literature review examines how the current system compares against more contemporary
systems, seeking to address the second and third research questions:
RQ2. Under what conditions is the CAA system an effective assessment?
RQ3. What would make the CAA system more effective as an assessment tool?
2.1 Making assessment effective
Making assessment effective is a challenge — not least since it is not immediately clear
what it means for an assessment to be effective. Nonetheless, the literature provides some
examples where assessment has been effective and what their effects are. More theoretical
literature provides definitions of and criteria for good assessment practice. Formative
assessment is a prominent term in the literature and its proponents argue that, when
employed correctly, is effective. This section of the literature review examines assessment
practices and their effects, as applied to any level of education, but interpreted with
regard to higher education and, where appropriate, to the assessment of mathematics at
that level.
Though the aim of this first part of the literature review is to establish what makes
assessment effective, it is useful to examine current assessment practices in mathematics
courses in higher education in the United Kingdom, since it is in this situation the
existing CAA system resides.
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2.1.1 Current assessment practice
Closed book examination is, by some distance, the dominant method for mathematics
assessment in higher education (Iannone & Simpson, 2012): it contributes over three
quarters of the final mark in nearly 70% of university mathematics modules. In their
discussion of this study, they concluded:
“The image developed by the survey is of a system dominated by the closed
book examination, but — from the point of view of heads of department
— not inappropriately so. The closed book examination is seen to have an
appropriate balance of validity, efficiency, reliability and fairness.” (Iannone
& Simpson, 2012, p. 13)
The lack of desire for change to new assessment practices is documented elsewhere in
the literature. They seem to confirm the findings of Iannone and Simpson (2012) in so
much that closed book examinations are well-established and are highly regarded. Sunal
et al. (2001), drawing on previous research, listed several causes for a lack of change of
teaching in higher education and this is not a phenomenon specific to mathematics. At
the institutional level, they suggested that the culture, the lack of professional devel-
opment, and the organisational context and structure lead to ineffective teaching and
the suppression of change. For individual instructors, Sunal et al. added, citing Cuban
(1990), that lecturers’ prior beliefs, expectations and perceptions of the limitations of
their teaching contexts prevented change to teaching practice. They added:
“The most commonly ranked barriers to course level change accounted for 60%
of those identified very important by faculty members. They were resources,
time, and turf conflicts. Faculty members perceived themselves as having
little control over these areas.” (Sunal et al., 2001)
With respect to mathematics assessment, Smith and Wood (2000, p. 131) declared that
“there is an innate conservatism of many mathematicians”, for whom a lack of personal
experience using new assessment practices invokes a resistance to using them. They also
suggested that many students are averse to tasks that require knowledge beyond routine
and procedure.
Institutionally, Smith and Wood added that time and financial constraints also hamper
change. Taras (2002, p. 501) noted “that innovation in assessment [is] no longer an option
in higher education” because “staff are deterred from attempting to implement innova-
tions and ideas which do not conform to the protocols of internal and external quality
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control”. A common theme in the literature is the seemingly contemporary problem of
managing limited resources. Both Sunal et al. (2001) and Smith and Wood (2000) al-
luded to this issue; Gibbs and Simpson (2005, p. 9) reported that such constraints have
already “led to a reduction in the frequency of assignments, in the quantity and quality
of feedback and in the timeliness of this feedback.” Baker (1999) mentioned cost as one
of several demands on assessment, which ultimately inhibits change.
Therefore, there are a number of factors that prevent assessment practice from devel-
oping in line with the literature. The constraints placed upon innovation appear to be
institutional and out of the control of lecturers. This has an impact on the effectiveness
of an assessment, since lecturers may have aims that relate to developing assessment in
accordance with emerging best practices in the literature.
The literature provides many reasons for developing assessment practice in higher educa-
tion. Taras (2002) argued that current assessment practices undermine students’ auton-
omy and independence, contrary to the warning given by the Dearing Report (Dearing,
1997) that individuals entering work need to develop such qualities.
Yorke (1998) suggested there were many areas for improvement in assessment practice
at the time, particularly noting the lack of consistency in practice and the tensions that
exist between institutional desires for standardisation and the discretion of departments
to employ their own methods.
Gibbs and Simpson (2005) refuted the claim that coursework is a less valid assessment
than examinations:
“Higher average marks and student preference would not count for much
if coursework were inherently less valid as an assessment — but it is not.
First, examinations are poor predictors of any subsequent performance, such
as success at work. . . .
“Second, coursework marks are a better predictor of long term learning of
course content than are exams. . . .
“Third, in experimental studies in which students have either studied
exam-based or assignment-based courses, the quality of their learning has
been showing to be higher in the assignment-based courses.” (Gibbs &
Simpson, 2005, p. 7)
They add that “assessment sometimes appears to be, at one and the same time, enor-
mously expensive, disliked by both students and teachers, and largely ineffective in sup-
porting learning” (Gibbs & Simpson, 2005, p. 11). Worse still, “it is a common obser-
vation of higher education teachers that if coursework is taken away from a module due
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to resource constraints, students simply do not do the associated studying” (Gibbs &
Simpson, 2005, p. 8).
This section of the literature found that there are many barriers to developing and chang-
ing assessments. There are many constraints on lecturers in higher education that restrict
the extent to which they can develop their assessment practice; many of these constraints
were imposed by the department or the university, which control the budget, the time
available, the resources available and the teaching spaces. There are opportunities to
develop assessment, but it is unclear from the literature whether these constraints are
insurmountable, or whether there are other reasons why lecturers do not examine other
methods of assessment. The fact that mathematics assessment at undergraduate level is
largely dependent on examinations (Iannone & Simpson, 2011), demonstrates the lack of
development and diversity in undergraduate assessment in mathematics. The following
section explores the various reasons for offering ongoing assessment during a course.
2.1.2 The role of the lecturer
The lecturer has a defining role in choosing, designing, delivering and marking assess-
ments on the courses that they run. They choose and adapt assessment tools according
to their needs; they select when and how the assessment tools should be accessed; and
they are largely responsible for constructing feedback to be returned to the student.
These make the lecturer an important agent in the effectiveness of an assessment.
This subsection explores why lecturers’ aims are important in the way that assessment
is used, and how feedback potentially has an impact upon students’ capacity to find the
assessment tool effective for their needs.
The purpose of assessment
The reasons for performing an assessment differ greatly between lecturers. Yorke (1998,
p. 108) believed there are three main purposes: “assisting in the process of learning;
determining what learning has occurred; and providing evidence regarding the success or
otherwise of the programme in question”. An assessment may be undertaken for one or
more of these reasons; however, Yorke noted that much focus has been directed towards
“determining what learning has occurred” at the expense of “assisting in the process of
learning”.
Samuelowicz and Bain demonstrated the existence of such stark differences between the
intentions of lecturers for the use of assessment in a variety of biology, medical and
psychology courses. In their study, one academic viewed assessment “as a way of making
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students study” (Samuelowicz & Bain, 2002, p. 186); another academic used assessment
to encourage students to work harder and to differentiate between those capable of a
professional standard; and a further lecturer believed that assessment is a tool for guiding
students through learning and to help them achieve the professional standard.
Although the latter case appears to offer the most pedagogically supportive reasons for
assessing students, the findings of Gibbs and Simpson (2005) that students tended to
study less in the absence of coursework ought not to be neglected. This is particularly
important in learning mathematics, as noted by Anthony and Knight (1999). In their
discussion of existing studies of classroom practice and curriculum reform, they expressed
concern that the elevated importance of understanding undermined the role of practice
and repetition. They argued that practising should be considered distinct from rote
learning and “drill practice”:
“In classrooms where learning is viewed [as] problem solving, where tasks
are treated as problems to be solved rather than exercises to be completed
using pre-specified procedures, practice should be viewed as a critical compo-
nent of the development and maintenance of procedural knowledge and the
understanding of mathematics.” (Anthony & Knight, 1999, p. 103)
One might argue that the role of practice in mathematics learning is higher than in other
subjects. This claim is supported by a number of papers and books that have lauded
the benefits of analysing students’ mistakes — to guide learning and improvement by
identifying common errors and misconceptions (Ryan & Williams, 2007; Radatz, 1979;
“Pedagogic practices and interweaving narratives in AS Mathematics classrooms”, 2007,
for example). In this way, students should have the opportunity to learn and develop in
response to feedback on the learning they have already encountered.
This section described many uses for assessment in the process of learning. Assessment
provides opportunity for students to practise using the content they have learned in lec-
tures and gain feedback on this work. Assessment also provides feedback to the lecturer,
who can gain an impression of the level of understanding among the student cohort. It
also prepares students for their future profession.
It is not clear from the literature to what extent lecturers consider all these aims when
using assessment with these students. Consequently, it does not indicate how lecturers’
aims influence which assessment techniques they use and how they use them. This is an
important consideration, since an assessment is effective to the lecturer if it accomplishes
the aims of the lecturer. Therefore, the aims of the lecturer are important to this study.
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Searching for best practice in offering feedback
Feedback, with regard to assessment, is information produced as a result of assessment
that documents a person’s performance on a task, which forms the basis for improvement.
Feedback is necessary for some lecturers’ aims, potentially — particularly with regard
to encouraging students to develop their skills. Likewise, it may also be important for
students’ aims for assessment.
Undoubtedly, feedback can have a positive contribution towards students’ learning; how-
ever, it is by no means guaranteed that providing feedback will lead to an improvement
for many reasons. Nicol and Macfarlane-Dick (2007) expressed the problem in the liter-
ature as a failure in the past to advise practitioners of best practice:
“The literature on external feedback is undeveloped in terms of how teachers
should frame feedback comments, what kind of discourse should be used, how
many comments are appropriate and in what context they should be made.
Much more research is required in this area.” (Nicol & Macfarlane-Dick,
2007, p. 209)
Consequently, as the papers by Nicol and Macfarlane-Dick (2007) and by Kluger and
DeNisi (1996) argued, feedback can have negative effect on progress, motivation and self-
esteem on students — as well as a positive one. Hattie and Timperley (2007) believed
that students are too often given feedback with the intention to motivate the student, but
lacks direction or advice; or as Hattie and Timperley (2007, p. 88) stated, the feedback
fails to answer the student’s questions, “where am I going?”, “how am I going?”, and
“where to next?”.
Kluger and DeNisi (1996), in their review of feedback practice literature spanning one
hundred years, reported that, for much of that time, the literature gave a misleading
impression of the effects of feedback:
“We argue that a considerable body of evidence suggesting that feedback in-
tervention (FI) effects on performance are quite variable has been historically
disregarded by most FI researchers. This disregard has led to a widely shared
assumption that FIs consistently improve performance.” (Kluger & DeNisi,
1996, p. 254)
In response to Kluger and DeNisi, Wiliam (2006) highlighted the extent of the problem
that was hidden in the literature: that in 40% of the studies, students’ performances
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were lower with feedback than they would have achieved without. Wiliam described the
nature of the problem:
“The key feature of these studies was that . . . the feedback focused attention
on the person rather than the quality of the work. . . For the 60% of studies
that found a positive impact on performance, Kluger and DeNisi found that
the biggest impacts occurred when feedback told not just what to do to
improve, but also how to go about it.” (Wiliam, 2006)
Hattie and Timperley (2007) offered “a model of feedback to enhance learning”, which
included four levels at which feedback is aimed:
• Task level — How well tasks are understood/performed;
• Process level — The main process needed to understand/perform
tasks;
• Self-regulation level — Self-monitoring, directing, and regulating of
actions;
• Self level — Personal evaluations and affect (usually positive) about
the learner.
Hattie and Timperley (2007, p. 87)
They noted that “feedback at the self or personal (usually praise). . . is rarely effective”
(Hattie & Timperley, 2007, p. 102): an echo of Wiliam’s 2006 conclusions from the
findings of Kluger and DeNisi. Feedback, then, ought to be aimed towards developing
students’ capabilities in terms of tasks, processes and self-regulation.
Addressing feedback towards the task level is, as Hattie and Timperley (2007, p. 93)
described, related to “surface learning” — that is, being able to carry out procedures —
whereas feedback about the processing of the task is connected to deeper learning —
for example, making connections between topics, applying knowledge to new situations.
They added: “feedback at the process level appears to be more effective than at the task
level for enhancing deeper learning” (Hattie & Timperley, 2007, p. 93). What it means
for feedback to be effective is discussed later.
Feedback on the self-regulation level guides the student towards independence and be-
coming more “effective learners” (Hattie & Timperley, 2007, p. 94). In doing so, students
rely less upon their lecturers or the tools of the task to obtain feedback and develop their
own strategies for improving performance. An example of such self-regulation is the
ability to identify errors in solutions independently.
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2.1.3 The role of the student
It is desirable for students to develop self-regulation and independence. Hattie and
Timperley (2007, p. 101) noted that “students, too often, view feedback as the responsi-
bility of someone else, usually teachers, whose job it is to provide feedback information
by deciding for the student how well they are going, what the goals are, and what to do
next”.
It is not only students that believe that the success of an assessment is the responsibility
of the lecturer. Wiliam (2006) argued that teachers are under pressure to induce learning
in order to improve results. He added: “Only learners create learning, and so, when we
look at the role that assessment plays in promoting learning, the crucial feature is not
the validity of the assessment, or its reliability, but its impact on the student” (Wiliam,
2006, p. 4).
For some, the student must have an active role within the definition of feedback. Ramaprasad
(1983), cited in Sadler (1989, p. 120), defined feedback in the following way: “Feedback
is information about the gap between the actual level and reference level of a system
parameter which is used to alter the gap in some way”. Sadler’s interpretation of this
definition is that “information about the gap between actual and reference levels is con-
sidered as feedback only when it is used to alter the gap” (Sadler, 1989, p. 120, emphasis
in original).
Requiring that the student responds to feedback seems a certain requirement if the
feedback is to be considered effective. Gibbs and Simpson (2005, p. 8) reported that
“feedback is often not read at all. . . or not understood”. They cite an article by Wotjas
(1998), in which some students do not acknowledge the importance of feedback at all:
“While many students improve their work when they understand the pur-
pose of feedback and know more about the assessment criteria, other (sic)
still see it as an unhelpful burden.
. . .
“Some students threw away the feedback if they disliked the grade, while
others seemed concerned only with the final result and did not collect the
marked work.” (Wotjas, 1998)
Placing the responsibility upon and requiring action from the student, Sadler (1989,
p. 121) set three conditions: the student has to “(a) possess a concept of the stan-
dard. . . being aimed for, (b) compare the actual. . . level of performance with the stan-
dard, and (c) engage in appropriate action which leads to some closure of the gap”,
forming three “necessary conditions, which must be satisfied simultaneously”.
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Although Struyven, Dochy, and Janssens (2005) were not focussing on mathematics as-
sessment in particular, they found that students were not often satisfying these three
conditions; when lecturers were seeking deeper learning in their students, many students
persisted with surface learning. Furthermore, they noted that students tended to ap-
proach assessment by seeking to fulfil the explicit requirements of the task, rather than
go beyond them.
“Some students do not look for the meaning of a text or an assignment,
understanding is not their purpose. They focus on details, try to memorise
parts, and study the layout, with the purpose of meeting the requirements
of the task (or evaluation). Some students appear not to gain insight into
texts. These findings prompt the following questions: do they prepare their
examinations in the same way? As educators, do we have (any) influence
on their studying behaviour and approaches to learning?” (Struyven et al.,
2005, p. 334)
They further argued that students approach assessment in the way that they conceive
learning and, conversely, the results of assessment direct their future learning. Conse-
quently, “Assessment is thus logically, but also empirically, one of the defining features
of students’ approaches to learning” (Struyven et al., 2005, p. 332). For some at least,
students take cues from assessment and, therefore, assessment has an important role in
students’ learning.
2.1.4 A definition for effective assessment
In seeking a definition for “effective assessment”, the roles and qualities of both the
lecturer and the student have been explored; the level at which feedback is offered has
been addressed; and the purpose of the assessment has been discussed. It would appear
that these would form the basis for an assessment to satisfy the needs of both the students
and the lecturer. These aspects of an assessment are important when considering whether
an assessment could be effective or not.
However, any definition for effective assessment is likely to be flawed. As Gibbs and
Simpson (2005, p. 11) warned, “The evidence is rarely conclusive enough to argue that if
your assessment fulfils these conditions then learning will inevitably be more effective.”
Nonetheless, there are guidelines in the literature for feedback or assessment that aim
to make assessment effective. Hattie and Timperley (2007, p. 86) described effective
feedback as feedback that answers the questions asked by students or teachers: “Where
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am I going? (What are the goals?), How am I going? (What progress is being made
towards the goal?), and Where to next? (What activities need to be undertaken to make
better progress?)”.
Thus, Hattie and Timperley believe that students must be at the centre of feedback;
there must be a shared awareness of assessment goals; and there has to be an indication
of current performance and what is needed to improve this performance. However, as
Struyven et al. (2005) noted, many students find the “Where to next?” question a
challenge and are guided by the assessments they are given.
Although Nicol and Macfarlane-Dick did not describe their seven principles of good
feedback practice as guidelines for effective feedback, their principles followed similar
themes. They believed that good feedback practice:
1. helps clarify what good performance is (goals, criteria, expected stan-
dards);
2. facilitates the development of self-assessment (reflection) in learning;
3. delivers high quality teaching information to students about their learn-
ing;
4. encourages teacher and peer dialogue around learning;
5. encourages positive motivational beliefs and self-esteem;
6. provides opportunities to close the gap between current and desired
performance;
7. provides information to teachers that can be used to help shape teaching.
(Nicol & Macfarlane-Dick, 2007, p. 205)
Beyond the themes present in the definition of effective feedback from Hattie and Timperley
(2007), these seven principles offer some additional aspects to the assessment and feed-
back processes. Point 2 has implications for lecturers: assessments would have to be
designed to include opportunities for students to self-assess and reflect upon their learn-
ing. Point 4 encourages lecturers and students to “conceptualise feedback more as dia-
logue rather than as information transmission” (Nicol & Macfarlane-Dick, 2007, p. 210,
emphasis in original), in more of a dialogic approach (see Bakhtin, 1981) rather than in
the transmissionist tradition.
Points 6 and 7 serve to act as evidence that feedback has been effective: that is, the
student should be able to demonstrate his or her improvement in performance; and the
lecturer should be aware of weak areas in his or her cohort that need to be addressed in
further instruction.
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Gibbs and Simpson (2005) offer ten conditions of assessment and feedback that affect
students’ engagement and quality of learning. They are:
Influences of assessment on the volume, focus and quality of study-
ing
1. Sufficient assessed tasks are provided for students to capture sufficient
study time.
2. These tasks are engaged with by students, orienting them to allocate
appropriate amounts of time and effort to the most important aspects
of the course.
3. Tackling the assessed task engages students in productive learning ac-
tivity of an appropriate kind.
The influence of feedback on learning
4. Sufficient feedback is provided, both often enough and in enough detail.
5. The feedback focuses on students’ performance, on their learning and on
actions under the students’ control, rather than on the students them-
selves and on their characteristics.
6. The feedback is timely in that it is received by students while it still
matters to them and in time for them to pay attention to further learning
or receive further assistance.
7. Feedback is appropriate to the purpose of the assignment and to its
criteria for success.
8. Feedback is appropriate, in relation to students’ understanding of what
they are supposed to be doing.
9. Feedback is received and attended to.
10. Feedback is acted upon by the student.
(Gibbs & Simpson, 2005, p. 12–24)
In these conditions, six points relate to the actions of the lecturer — he or she must
design tasks that demand sufficient study time; and provide opportunities for frequent,
timely and detailed feedback. As for students, they must spend sufficient time on such
assignments — and use this time appropriately — and respond to the feedback they
receive.
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Relating conditions for effective assessment with formative assessment
The themes and conditions raised thus far provide a useful basis upon which to explore
formative assessment. The premise of formative assessment is to provide feedback to
students at each stage of the learning process, where summative assessment occurs at
the end of the learning process (Bennett, 2011, p. 6). However, quite how formative
assessment is defined, its theoretical basis, and whether a particular assessment technique
can claim to be “formative assessment” is cause for much debate in the literature. Of
particular interest, however, is whether formative assessment is an effective assessment.
Formative assessment is pertinent to the exploration of effective assessment since forma-
tive assessment is described as effective in Black and Wiliam (1998). They conducted an
extensive review of existing literature pertaining to use of formative assessment at the
time. Though much of the paper focused on secondary education level, they included
some studies conducted at undergraduate level.
It does not necessarily follow that formative assessment is “effective assessment”, however.
Yorke (1998, p. 106) ensured that one definition of effectiveness is not forgotten: “a well-
constructed system for the management of assessment will ensure that what is expected
to take place actually does take place (i.e. it is effective)” (Yorke, 1998, p. 106, emphasis
added). That is, effect sizes demonstrate an improvement on the part of student learning,
but the assessment must still satisfy the aims of the student and the lecturer.
Although the notion of a difference between assessments with formative or summative
intentions has a longer history than implied here, Sadler (1989) and Ramaprasad (1983)
are most credited with advancing progress towards a definition for formative assessment.
Ramaprasad (1983, p. 4) defined formative feedback as “information about the gap be-
tween the actual level and the reference level of a system parameter which is used to
alter the gap in some way”. Sadler used Ramaprasad’s definition to describe the process
of formative assessment. Sadler stated:
“Formative assessment is concerned with how judgments about the quality of
student responses (performances, pieces, or works) can be used to shape and
improve the student’s competence by short-circuiting the randomness and
inefficiency of trial-and-error learning.” (Sadler, 1989, p. 120)
The author believes that by “short-circuiting the randomness of inefficiency of trial-and-
error learning”, Sadler meant that formative assessment seeks to provide guidance to
students that are not yet able to reach a solution in the most appropriate or efficient
manner.
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Sadler, too, believed that students have an active role in the assessment process, noting
that Ramaprasad believed that “information about the gap between actual and reference
levels is considered feedback only when it is used to alter the gap” (Sadler, 1989, p. 121,
emphasis in original). Furthermore:
“. . . the learner has to (a) possess a concept of the standard (or goal, or
reference level) being aimed for, (b) compare the actual (or current) level of
performance with the standard, and (c) engage in appropriate action which
leads to some closure of the gap.” (Sadler, 1989, p. 121, emphases in original)
Finding a definition of formative assessment in the literature is not so straightforward,
despite the growing body of literature devoted to it (Taras, 2005, p. 466). Often, only
aspects of formative assessment are alluded to: in Black and Wiliam (1998), assessment
was defined as an activity that provides feedback to adapt teaching and learning; it be-
comes formative assessment when “the evidence is actually used to adapt the teaching
work to meet the needs” (Black & Wiliam, 1998, p. 2). This definition lacks the impli-
cation of student activity. Taras (2010b, p. 127) offers a simple definition of formative
assessment — “a summative assessment produces feedback which when used results in
formative assessment” — which lacks both the nature of the feedback and the nature of
the “results”.
What is different about the definition offered by Taras (2010b) is that formative assess-
ment requires the presence of a summative assessment, which is presented as a “judge-
ment. . . at that point in time” (Taras, 2010b, p. 127). This seems to contradict Bennett’s
(2011) interpretation, in which summative assessment occurs at the end of the learning
process. As Taras (2005, p. 466) noted, “assessment is of central importance in educa-
tion, and yet there is a lack of commonality in the definition of terminology relating to
it” — it is evident from such contrasting views that this lack of commonality remains a
problem.
Formative assessment does not have a definition agreed by consensus in the literature.
It is characterised as a group of processes and conditions: the common aspect in all
of these characterisations is the presence of feedback aimed at improving the student.
Other aspects of formative assessment are disputed: in particular, the role of the student
in deciding learning goals and whether the student must improve as a consequence of
receiving feedback are not present in all descriptions of the formative assessment process.
The “aspects of formative assessment”, as described by Black and Wiliam (2009, p. 8)
in Table 2.1, the requirements of teachers, peers and learners. The columns of this
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Where the learner is go-
ing
Where the learner is
right now
How to get there
Teacher 1. Clarifying learning inten-
tions and criteria for success
2. Engineering effective
classroom discussions and
other learning tasks that
elicit evidence of student un-
derstanding
3. Providing feedback that
moves learners forward
Peer Understanding and sharing
learning intentions and crite-
ria for success
4. Activating students as instructional resources for one
another
Learner Understanding learning in-
tentions and criteria for suc-
cess
5. Activating students as the owners of their own learning
Table 2.1: Aspects of formative assessment (Black & Wiliam, 2009, p. 8)
table match the three questions that effective feedback answers according to Hattie and
Timperley (2007, p. 86) (though this is not explicitly stated by Black and Wiliam).
The assumption, then, is that formative assessment should reflect these five aspects:
1. Clarifying and sharing learning intentions and criteria for success;
2. Engineering effective classroom discussions and other learning tasks that
elicit evidence of student understanding;
3. Providing feedback that moves learners forwards;
4. Activating students as instructional resources for one another; and
5. Activating students as the owners of their own learning.
(Black & Wiliam, 2009, p. 8)
Nicol and Macfarlane-Dick (2007, p. 205) referred to peer dialogue around learning in
their seven principles of good feedback practice. Black and Wiliam appeared to go
further: peers have a role in sharing goals and mutual assessment. Unfortunately, Black
and Wiliam did not elaborate much further on peer assessment: only that using learners’
feedback to motivate further learning is a complex process.
There are some links between the five criteria for formative assessment proposed by Black
and Wiliam (1998), the seven criteria for good feedback practice in Nicol and Macfarlane-
Dick (2007), and the ten conditions under which students learning is supported by as-
sessment by Gibbs and Simpson (2005). These conditions could be synthesised (as in
Table 2.2) to manifest in the self, assessment, feedback, student response and interaction
levels.
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Comparing these criteria in this way demonstrates how it is not only the design of the
assessment tool that makes the process of assessment an ideal one. It develops the
individual undergoing assessment (the self level), it helps to form learning goals (the
goal level), it produces useful feedback from which the student can develop (the feedback
level), it necessitates a reaction from the student to develop (the response level) and it
fosters communication between students, peers and teachers (the interaction level) — as
well as informing the design of the assessment tool itself (the assessment level).
Formative assessment seems to provide a simple impression of what it is to be effective
assessment, given its demonstrable effect sizes (Black & Wiliam, 1998) and the fact
it encompasses many of the themes expressed elsewhere — most notably in Table 2.2.
However, there are some problems with using formative assessment as a standard for
assessment.
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2.1.5 Problems with formative assessment
A noted problem with formative assessment is that its etymology implies a simpler def-
inition than has been discussed in the literature. Sadler (1989, p. 120) noted that “ety-
mology and common usage associate the adjective formative with forming or moulding
something, usually to achieve a desired end”. This proves to be unhelpful, since it fosters
an assumption that formative assessment is merely an assessment that provides feedback
(Bennett, 2011), or frequent assessment, or the product when teaching and assessment
are planned at the same time (Assessment Reform Group, 1999). These notions fail to
capture the nature of the feedback and how the feedback should be used.
The etymological problem seems to proliferate among lecturers: Taras (2008) conducted
a survey with 50 lecturers in an Education department at an English university: of the
48 that replied, only 14 (28%) mentioned feedback when asked for a rough definition of
formative assessment.
Such a misunderstanding gives rise to assessment packages that claim to provide forma-
tive assessments. Bennett (2011) debated the difference between those that believe that
formative assessment is a tool and those that believe that it is a process, concluding that
the view that formative assessment is a tool “is quite common among test publishers; it
represents something they understand and can provide” (Bennett, 2011, p. 6).
It is the author’s view that this interpretation of formative assessment is incorrect, partic-
ularly with regard to the strategies of formative assessment offered by Black and Wiliam
(2009). That is, it does not necessarily follow that offering more frequent assessment
and more frequent feedback will result in students being made aware of goals and taking
actions to progress learning towards these goals. In turn, many assessment practices are
assumed to be formative and, therefore, adequate.
The lack of a universal definition not only excuses insufficient practice, but it creates
problems when assessing the effects of formative assessment. Bennett (2011, p. 8) noted
that “definition is important because if we can’t clearly define an innovation, we can’t
meaningfully document its effectiveness”, adding that in determining its effectiveness, it
must be known “whether the formative assessment was implemented as intended, which
we cannot accomplish if we don’t know what was supposed to be implemented”.
Bennett (2011) also had concerns for the origin of the effect sizes expressed by Black and
Wiliam (1998) and by Bloom (1984). Black and Wiliam (1998, p. 3) defined effect size
as “the average improvement in pupils’ scores on tests” divided by “the range of scores
that are found for typical groups of pupils on these same tests”. Bennett noted that
Black and Wiliam did not cite their sources for the data they used and “as such, these
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effect sizes are not the ‘quantitative result’, meta-analytical or otherwise, . . . but, rather,
a mischaracterisation that has essentially become the educational equivalent of urban
legend” (Bennett, 2011, p. 12).
The theoretical underpinning of formative assessment has also been questioned in the
literature. Bennett (2011, p. 19) described the background of formative assessment as
“not yet [representing] a well-defined set of artefacts or practices”. Taras (2010a) also
challenged the theoretical background of formative assessment as proposed by Black and
Wiliam (2009), arguing that they had omitted theory of both assessment and formative
assessment. Furthermore, challenging the conclusions in an earlier paper by Black and
Wiliam (1998), Taras (2010a) suggested that it would not be possible to select the most
appropriate papers for analysis without a theoretical basis.
To answer the question “is theory necessary?”, Yorke (2003, p. 484) answered “It is,
since theory provides a framework for the construction of assessment of various kinds.
Untheorised assessment (as is widely used in higher education) increases the risk of
partiality” — as Taras (2010a) had noted.
2.1.6 Developing a definition of effective assessment
In order to overcome the problems associated with formative assessment, a framework
for evaluating an assessment is necessary: doing so requires developing a definition of
effective assessment that encompasses the themes and proposals suggested by existing
literature. Such a theory should encompass the tenets of formative assessment; the
sharing of responsibilities for assessment; the aims of assessment; and its outcomes. It
is of concern that efforts to develop a theory for formative assessment have yielded little
by way of a universally accepted framework.
Efforts towards developing such a theoretical framework for formative assessment began
with Black (1998), who proposed some elements for such a framework, including:
1. A general learning theory with emphasis on constructivism. . .
2. Models for epistemology of each subject and hence of learning progress
within each. . .
3. A theory of the cognitive acts of learning through feedback. . .
4. Analysis of self- and peer-assessment and of the particular learning pro-
cesses and social interactions these involve.
5. Study of the effects of different styles of feedback on self-esteem, self-
attribution and readiness to learn.
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Criteria
Assessment
task
Assessor’s
interpretation
Grade,
feedback
Student’s
interpretation
Student’s
performance
Student’s
interpretation
Subject
structure
General
intellectual
development
Student’s
development
Teacher/assessor Teacher/assessor’s self-learning
Student
Figure 2.1: An illustration of the process of formative assessment with respect to a
task (Yorke, 2003, p. 487)
6. Student-teacher and pupil-peer interactions in learning as a case of social
discourse.
(Black, 1998, p. 45)
Yorke (2003) commented that drawing each of these elements into a single framework is
not a straightforward task. Furthermore, he argued that other considerations must also
be included:
1. The epistemological structure of the relevant discipline(s);
2. The ontology of students. . . ;
3. Theoretical constructs relating to learning and assessment;
4. The professional knowledge of the educator/assessor. . . ; and
5. Theory relating to communication and interpretation.
(Yorke, 2003, p. 486)
In assembling these various elements, Yorke developed an “illustration of the process of
formative assessment in respect of a formal task” (Figure 2.1). It considers the actions
and interpretations of both the student and lecturer in the formative assessment process.
The process is described as follows.
When a lecturer designs an assessment task, he or she considers the subject structure, the
current standard (“general intellectual development”) of the cohort, and “the sequencing
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of intellectual and moral development progression” of the student. Lecturers communi-
cate the criteria for the assessment, and the student interprets these criteria as he or
she completes the assessment. The lecturer compares the student’s performance with
the criteria and interprets this comparison. As a result of this comparison, the lecturer
carries out his or her own appraisal of the assessment task, making adjustments to the
task or the criteria, while also providing a grade or feedback. The student interprets the
grade and feedback leading to further development and the renewing of the process.
It is the author’s opinion that there are some notable absences from this illustration.
Yorke (2003, p. 489) later mentioned the issue of “learned dependence”: that students
become dependent on lecturers for feedback on their performance without learning how
to acquire this knowledge for themselves. The process in Figure 2.1 lacks the scope for
students to learn independence and rely less on their lecturers for feedback. It is particu-
larly apparent at the culmination of the “student’s performance” action, where students
are not expected to compare their own performances with the assessment criteria.
The second flaw, in the opinion of the author, is the placing of the “Grade, feedback”
action. It is implied that students receive feedback only from the assessor and only after
the assessment has been completed. Figure 2.1 implies that feedback prepares students
for subsequent assessment and it is not clear whether students have the opportunity to
demonstrate that feedback has aided their development. Yorke noted:
“If the student has moved to the upper end of the pre-existing zone of proximal
development, then he or she should be able to do unaided what previously
needed knowledgeable support.” (Yorke, 2003, p. 496)
Thirdly, the formative assessment process, as illustrated in Figure 2.1, does not suggest
any role for peers in formative assessment. In both Black and Wiliam (2009) and Nicol
and Macfarlane-Dick (2007), there is a responsibility for peers to share learning objectives
and dialogue to facilitate improvement. Topping (1998, p. 268) noted that, while more
research was desired on the topic, peer assessment has been associated with “improved
confidence and better presentation and appraisal skills” and “learning gains in terms of
test performance, skill performance, or subjective measures are frequently reported”. The
author believes there is a place for peer responsibility in a model for effective assessment.
The model also fails to consider the motives for assessment and how they impact on the
criteria. As Black and Wiliam (2009) pointed out, teachers have learning intentions, but
students might be working towards their own goals. As with the argument for student
autonomy and self-regulation, students must bear some responsibility for their own de-
velopment and progress towards independence; yet, the lecturer may set a standard that
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the entire cohort is expected to achieve. The outcome might be implicit learning out-
comes that the lecturer expects to be achieved and some explicit criteria for assessment
success that is shared between lecturers, peers and students.
Thus a theoretical framework for effective assessment must incorporate more than what
has been highlighted as required for a theory of formative assessment. Such a framework
must consider:
• The roles and responsibilities of lecturers, peers and students in achieving effective
assessment;
• The motives of lecturers, peers and students and how these affect the criteria for
achieving effective assessment;
• The role of practice and feedback in improving the student, particularly with re-
spect to the depth of learning and understanding, and the aspects of students that
the feedback is aimed towards;
• The process of developing self-regulation, independence and autonomy in students
that should ultimately result in a much-diminished role for the lecturer;
• The constraints that are imposed on assessment that may affect its scope for being
effective;
• The influences and requirements that mathematics learning and assessment have
on the process of effective assessment.
In the following chapter, the aspects of assessment noted here and previously are dis-
cussed in light of activity theory. By using activity theory as a theoretical framework
for both the study and the definition of effective assessment, some hypotheses for pre-
dicting lecturer, peer and student activity are generated and tested. This is discussed
in more detail in the activity theory chapter; however, it is more pertinent to discuss
computer-aided assessment and how its use in mathematics assessment appears to relate
to effective assessment.
2.2 Computer-aided assessment
This section of the literature review shows that computer-aided assessment (CAA) as a
tool for assessing mathematics in higher education is increasing in both its uptake and
in its complexity.
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Although computer-aided assessment (CAA) is by no means limited to mathematics
learning (Dermo, 2009; Denton, Madden, Roberts, & Rowe, 2008; McKenna & Bull,
2000; Wilson, Boyd, Chen, & Jamal, 2011; Petrisor, Marusteri, Simpalean, Carasca, &
Ghiga, 2016), to higher education (Wang, 2008; Ashton & Wood, 2006), or to the United
Kingdom (Chua, 2012; Deutsch, Herrmann, Frese, & Sandholzer, 2012; Rasila, Havola,
Majander, & Malinen, 2010), this review of the literature examines papers that refer to
the use of CAA systems in higher education for mathematics learning.
However, while it has become much-used assessment tool, offering many benefits in terms
of the immediacy of feedback and in saving lecturers’ time, there have been calls for an
evaluation of mathematics CAA systems as early as 2003 (Bull and McKenna), even
though they have been used for much longer (for example, Roebuck, 1972). Hitherto,
evaluations of these systems have largely been a description of new features, rather than
their effects on learning.
This section concludes by proposing that the review of a CAA system requires an ex-
amination of the impacts the system on learning and development. There has not been
a precedent for this kind of evaluation, and given the need for an evaluation framework
for the effectiveness of an assessment, this thesis provides an opportunity for a critical
assessment of a particular CAA system.
2.2.1 What is computer-aided assessment?
The literature refers to many related phrases that are used in the field: computer-assisted
assessment, computer-aided assessment, computer-based assessment and e-assessment
are often used and most relevant to this introduction. On first glance, these terms
appear to be indistinct in their definitions, as they do not immediately imply any defining
differences.
Historically there have been some differences. Computer-aided assessment and computer-
assisted assessment (both abbreviated to CAA in the literature) represented all assess-
ments in which information technology has been used as a mediating tool. They include
optimal mark readers, where students would complete assessments by hand for computers
to scan and mark the responses (Bull & McKenna, 2003; Busuttil-Reynaud & Winkley,
2006). Computer-based assessments (CBAs) delivered questions to and accepted an-
swers from students via a computer terminal (Bull & McKenna, 2003; Higgins & Bligh,
2006; van der Kleij, Eggen, Timmers, & Veldkamp, 2011; Deutsch et al., 2012). An
e-assessment adds a further requirement for a networked system of computer terminals
to communicate with a server to receive assessments (Bull & McKenna, 2003).
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In practice, contemporary systems used in mathematics teaching and learning are e-
assessments — they use the Internet to deliver tests and collect responses — but refer
to themselves as computer-aided assessments or computer-assisted assessments (Green
et al., 2004; Greenhow, Zaczek, & Kamavi, 2011; Sangwin, 2006; Perfect, Foster, Youd,
& Aston, 2011).
This literature review, and subsequently within this thesis, refers to computer-aided
assessment since it is most prevalent within the literature. For clarity, the term should
be understood in the following way.
Definition A computer-aided assessment (CAA) is a test delivered to a computer
terminal, where responses are also received from the student. In a CAA system, there is
a server in which tests and responses are stored and distributed, which are connected to
the computer terminals via a network or, in particular, the Internet.
2.2.2 The benefits of computer-aided assessment
Computer-aided assessment offers many benefits. The association between rising uptake
of computer-aided assessment and rising student numbers is no coincidence: the automa-
tion of assessment promises to save lecturers’ time (Bull & Stephens, 1999; Thelwall,
2000) and give students immediate feedback (Bull & Stephens, 1999; Pollock, 2002),
where alternative forms of assessment may require additional markers or less timely
feedback. The perceived benefits of computer-aided assessment go further.
Bull and McKenna (2003) gave seven reasons for using computer-aided assessment:
1. To increase the frequency of assessment thereby motivating students to
learn encouraging students to practice skills
2. To broaden the range of knowledge assessed
3. To increase feedback to students and lecturers
4. To extend the range of assessment methods
5. To increase objectivity and consistency
6. To decrease marking loads
7. To aid administrative efficiency
(Bull & McKenna, 2003, p. 8)
Since these seven motivations for using CAA cover many aspects of teaching, learning
and administration, it is worthwhile exploring each of these points in more detail and
how they are discussed in the literature.
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Increasing the frequency of assessment
Green et al. (2004, p. 5–6) argued that computer-aided assessment, when delivered reg-
ularly, benefits students in a number of ways. Students become familiar with the system
and are less agitated by stress. Furthermore, regular testing permits students to monitor
their own progress at the end of each taught topic; each test represents the culmination
of study in an area of mathematics, bringing structure to the module.
Whether an increase in assessment frequency brings greater motivation in students is not
clear from the literature. Students appear to be motivated by the delivery of immediate
feedback (Beevers, Wild, McGuire, Fiddes, & Youngson, 1999; Denton et al., 2008);
however, this motivation may be achievement-based and not directed towards learning
and understanding mathematics (Thelwall, 2000). Indeed, Bull and McKenna (2003,
p. 10) concede that students “are reluctant to undertake work which does not count
towards their final grade”.
Although increasing the frequency of assessment is not the sole encouragement students
receive, Harrison, Green, Pidcock, and Palipana (2007) indicated that students were
encouraged by a regime of regular assessment. Sangwin (2007, p. 1) made a similar
point: “It is relatively common in United Kingdom undergraduate mathematics to set
weekly exercise sheets. While the original purpose is formative, to encourage student
engagement the numerical mark provides a small summative contribution to the overall
course”.
Broadening the range of knowledge assessed
In expanding upon their earlier claim that one reason for using computer-aided assess-
ment is to broaden the range of knowledge assessed, Bull and McKenna implied that
computer-aided assessment cannot be used in isolation to assess students.
“Objective tests [such as computer-aided assessment] lend themselves well
to testing a broad knowledge base within a particular discipline. In many
courses, there is a body of underpinning knowledge which must be learned
to enable progression during the later stages of the course. . . Different as-
sessment methods are effective at assessing different skills, knowledge and
understanding. . . . It is clearly important that a balance of assessment meth-
ods is used in order to assess the full range of skills and knowledge required
in courses.” (Bull & McKenna, 2003, p. 10–11)
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In this passage, Bull and McKenna do not explain the role of computer-aided assessment
in assessing the “full range of skills and knowledge”. It is the author’s opinion that Bull
and McKenna have implied that computer-aided assessment was not able to bear the
full burden of assessing this “full range” at that time: rather, computer-aided assessment
could be used effectively to assess students’ lower levels of understanding, while freeing
other assessment methods to test more complex skills and deeper knowledge.
Beevers and Paterson (2003, p. 132) suggested this may be the case: “It is far from certain,
however, that objective tests [such as computer-aided assessment] can assess learning
beyond basic understanding. However, questions that are constructed imaginatively can
challenge students and may test higher learning levels”.
The design and the capabilities of aspects of the computer-aided assessment system can
be limiting factors in the depth of knowledge that can be assessed. Conole andWarburton
(2005) summarise the debate:
“The limitations of item types are an ongoing issue. A major concern related
to the nature of objective tests is whether multiple choice questions (MCQs)
are really suitable for assessing higher-order learning outcomes in higher edu-
cation students. . . , and this is reflected in the opinions of both academics and
quality assurance staff. . . . The most optimistic view is that item-based test-
ing may be appropriate for examining the full range of learning outcomes. . . ,
provided sufficient care is taken in their construction.” (Conole & Warburton,
2005, p. 21, emphasis in original)
This echoed the conclusion in their earlier paper (Warburton & Conole, 2003, p. 436),
in which they stated, “The findings suggest that typically quiz questions are considered
limited in their capacity to assess higher-order cognitive skills.” However, Nicol (2007,
p. 62) argued that multiple choice questioning has a place in assessment when linked to
“a clear pedagogical goal”.
Increasing feedback to students and lecturers
As a motivation for using computer-aided assessment, Bull and McKenna (2003, p. 11)
proposed that “students are motivated by feedback on their work”. Although they added
that feedback needs to be “timely”, “accurate” and “constructive”, they did not elaborate
further to explain how increasing the feedback students receive is cause to motivate them.
The notion that students, given suitable feedback, have scope to improve their knowledge
and understanding is more generally accepted. Measuring the effect of this feedback is
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particularly troublesome, especially in higher education mathematics. Within computer-
aided assessment, the situation appears no better: van der Kleij et al. (2011) performed
a small-scale study exploring the effect of feedback on students’ learning outcomes while
using computer-based assessment and concluded that there is little evidence to suggest
this feedback aids students’ performances. Although a small study, it serves to demon-
strate that merely providing feedback does not necessarily make the exercise effective in
helping students to improve.
Extending the range of assessment methods
There is a reliance on so-called “traditional” methods to assess students (Iannone &
Simpson, 2012), yet computer-aided assessment offers the scope for multimedia presen-
tations beyond the capability of paper-and-pencil assessment (Bull & McKenna, 2003).
Thelwall recommends a blend of traditional and computer-based assessments:
“Computerisation of assessment can enhance the value of education in certain
circumstances, either because it is intrinsically better than paper assessment
or because the assessment would be impractical without it. Computers can-
not be used for all assessments because some educational outcomes, particu-
larly those with a creative component, are too difficult to measure with the
defined rule that a computer program needs. The point here is that CBA is
different to and, in the information age, complementary to traditional assess-
ment methods.” (Thelwall, 2000, p. 47, emphasis in original)
Increasing objectivity and consistency
Bull and McKenna (2003) highlighted the growing importance of objectivity and consis-
tency in a higher education market in which students are assuming the role of customer.
Computer-aided assessment offers transparent marking (Conole & Warburton, 2005),
which is apparently objective and consistent, since it removes human subjectivity and
accuracy that are present in traditional marking.
Decreasing marking loads
Peat and Franklin (2002) posed the challenge faced by lecturers ten years ago, albeit in
an Australian university in the biological sciences: in the ten years leading to 2002, the
staff-to-student ratio has changed from 1:100 to 1:163. For STEM subjects in the United
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Kingdom the increase in student numbers is similarly stark: the number of students
graduating has increased from approximately 118,000 in 2002-2003 to over 140,000 in
2009–2010 (Select Committee on Science and Technology, 2012, p. 27). In 2013–2014,
there were 1,007,630 students in STEM subjects at UK universities (Universities UK,
2015). Growing student numbers would naturally increase the number of assessments
that would need to be marked.
Computer-aided assessment provides a mediating solution: though it cannot eradicate
the marking required of lecturers, it permits lecturers to set assessments with auto-
matic feedback (Charman, 1999; Bull & Stephens, 1999; McKenna & Bull, 2000; Peat
& Franklin, 2002). However, as Bull and McKenna (2003) noted, the time saved in dis-
tributing and marking assessments must be considered alongside the time expended in
implementing and updating the system. This in turn can be offset if the maintenance of
the computer-aided assessment system is performed by non-teaching administrators.
Aiding administrative efficiency
Computer-aided assessment can increase administrative efficiency by collating students’
scores automatically (Bull & McKenna, 2003). CAA also manages the distribution of
tests, the collection of responses, marking the responses and distributing feedback. For
more traditional forms of assessment, these tasks take considerable time.
2.2.3 The use of computer-aided assessment in higher education math-
ematics learning in the United Kingdom
Since the turn of the century, many papers have reported that CAA use is increasing
steadily (Denton et al., 2008; Keady, FitzGerald, Gamble, & Sangwin, 2006; McKenna &
Bull, 2000; Özden, Ertürk, & Sanli, 2004; Pitcher, Goldfinch, & Beevers, 2002; Thelwall,
2000) and this has been attributed to the large increase of students, particularly in
STEM subjects (Bull & Stephens, 1999; Davies, 2001; Gill & Greenhow, 2008; Jones,
2008; Krause, Stark, & Mandl, 2009). This claim seems to be no longer repeated in
new articles and books on computer-aided assessment: development has been focused
on developing the complexity and capability of those systems, rather than the spread of
practice.
Miller (2009, p. 183) noted that “research on formative CBAs has focused on the de-
velopment and evaluation of these assessments”, largely from the lecturers’ perspectives.
These contain some details of the location and the system that is used, but few indicate
the scale of the deployment in terms of cohort size or number of tests taken. There lacks
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a broad study of the current uptake of CAA in mathematics courses in Higher Education
in the United Kingdom.
A previous study examined the use of CAA to perform mathematics diagnostic tests. In
its report, “Diagnostic Testing for Mathematics”, the LTSN MathsTEAM Project (2002,
p. 6) reported that 36% of the institutions polled used such testing. This only gives
an indication of the uptake of CAA: the study was performed more than ten years ago.
However, the study reported that there was already a number of different systems (and
systems derived from those systems) in use that are now obsolete, or have been replaced
by newer systems.
This demonstrates some of the difficulty in presenting the nature of CAA use in higher
education mathematics in the United Kingdom. From the literature it is apparent,
yet not transparent, that the adoption of CAA is increasing. Confounding a unified
understanding of the current situation is the confusion between different terms and a
difficulty in differentiating between system types.
There are, however, some studies that report lecturers’ perspectives of implemented
computer-aided assessment systems in mathematics higher education courses in the
United Kingdom (Bull & McKenna, 2003; Greenhow et al., 2011; Jones, 2008; Pidcock,
Palipana, & Green, 2004; Pitcher et al., 2002; Pollock, 2002; Ricketts & Wilks, 2002;
Sangwin, 2005, 2006, 2007). Studies of this nature are useful in identifying issues in
computer-aided assessment—whether confined to mathematics at higher education level
or otherwise—but they often lack the student-user perspective (Walker, Topping, &
Rodrigues, 2008). Some student feedback studies of computer-aided assessment have
been conducted in response (Denton et al., 2008; Walker et al., 2008), but little progress
has been made in such regard for mathematics computer-aided assessment.
A notable obstacle is that mathematics assessment can be regarded as a special case.
One might take for granted that communicating mathematics verbally between humans is
difficult. Written communication of mathematics may seem easier, but simple mistakes
can proliferate. Communicating mathematics with a computer proves to be a hybrid
affair, where a human must provide a “one-dimensional string” of the correct syntax
in order to successfully convey the appropriate message (Sangwin & Ramsden, 2007,
p. 921).
There are two solutions to this problem: either incorporate a computer algebra system
(CAS) that interprets mathematical input and offers students the opportunity to review
the rendering of their responses before submitting for marking; or adopt a system that
does not require students to learn a syntax. The systems currently available are divided
into these two categories.
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Computer-aided assessment supported by a computer algebra system
With the support of a computer algebra system (CAS), a CAA system can compare a
mathematical expression, provided by the student, with the stored solution for equiv-
alence. That is, a student may obtain full marks for answering a question correctly
without matching the stored solution verbatim (Sangwin, 2004, p. 5).
The computer algebra system determine any differences between the student’s response
and the stored solution. If there is no difference, the appropriate marks are awarded. If
there is a difference, the student may be awarded partial marks if it appears he or she
has made a common error (Sangwin, 2004).
Such tolerances are particularly useful when the solution is algebraic in nature, given
that the presentation of mathematical expressions are sometimes a matter of personal
style: for example, −x2 + 1, 1 − x2 and (1 + x)(1 − x) are equivalent but, stylistically,
they are different. Additionally, there may be situations in which one or more of those
solutions is not acceptable, such as if the question asks to expand (1 + x)(1 − x), then
clearly the last expression of the three would not be desired; in that case, such solutions
can be excluded from the set of expressions that are marked correct (Sangwin, 2007).
Once a question has been designed, for many CAA systems it is relatively straightforward
to introduce elements of randomisation. For example, “genuinely random” polynomials
of degree and coefficients within predetermined ranges can be generated (Sangwin, 2004,
p. 5). This has two advantages: students can practice performing differentiation on
polynomials repeatedly; and it is also unlikely for two students sitting side-by-side to
receive identical realisations of these randomisations, offering a barrier to plagiarism.
This randomisation does not require question-writers to manually input every possible
instance: it can be achieved by requesting the CAS to generate the question instance
instantaneously.
Sangwin (2004) demonstrated how this is useful for generating feedback for students. In
the case of integrating a function, the computer algebra system is able to differentiate
the student’s response and present this to the student. This way, the student is not
given the solution, but is offered a reason why his or her answer is not correct and an
indication of what corrections might be required.
At the time of his conference paper, Sangwin (2007) mentioned some CAA systems
that were supported by a number of different computer algebra systems. This may be
a problem since students not only need to learn the material, they also need to learn
the syntax. Sangwin and Ramsden (2007) noted this problem with regard to AiM.
One student had commented in feedback, “I feel the aim (sic) system is reasonably fair,
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however i (sic) have lost a lot of marks in quiz 3 for simple syntax errors” (Sangwin &
Ramsden, 2007, p. 921).
Although the CAS can indicate where it cannot understand a human response (Sangwin,
2002), it does not necessarily follow that the CAS will interpret a student’s response
correctly (Sangwin & Ramsden, 2007). Clearly, such a result is “unacceptable” (Sangwin
& Ramsden, 2007, p. 922): the assessment becomes as much a measure of a student’s
ability to converse fluently with the CAS as it is a measure of a student’s mathematical
performance.
A further criticism of a CAS-supported CAA system is that there may be a financial
outlay for the CAS software, even if the CAA itself is free. For example, AiM is free, but
requires the purchase of a single Maple licence (Keady et al., 2006). Others, however,
require no financial outlay for software, such as Numbas and STACK, but may require
investment in new hardware (Keady et al., 2006).
Computer-aided assessment without a computer algebra system
For CAA systems that lack an ability to interpret mathematical input, asking questions
of a mathematical nature is a challenge. Many pen-and-paper assignments ask students
to answer questions that result in an algebraic (or ‘mathematical’) form that has no clear
analogue when performed electronically. Consequently, questions must be reconsidered
before they are generated for the CAA system (Conole & Warburton, 2005).
CAA systems that are not supported by CAS cannot interpret an algebraic response.
They may use other question techniques, such as multiple choice, multiple response, text
or numeric input, matching, ranking and drag and drop (Conole & Warburton, 2005;
Bull & McKenna, 2003). Sangwin (2004, p. 5) argued that converting questions to these
alternative forms “often limit or distort questions”.
There are many CAA systems used for mathematics assessment that do not rely on a
CAS (Conole & Warburton, 2005). Perception, by Question Mark Computing Ltd, is a
popular choice (Dermo, 2009; Green et al., 2004; Greenhow & Gill, 2005; van der Kleij
et al., 2011; Martin & Greenhow, 2004; Walker et al., 2008). This commercial choice
offers more test options but requires considerable initial outlay (Conole & Warburton,
2005).
Although there are several options for question types and systems, multiple choice ques-
tioning remains the prominent choice for many CAA systems (Warburton & Conole,
2003). Whether multiple choice questioning (MCQ) is appropriate for testing knowledge
and understanding is an issue that is contested considerably within the literature.
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Bull and Stephens (1999) referred to an earlier study performed by Scouller and Prosser
(1994) in which they found that students approached multiple choice questioning differ-
ently: students with deep learning intentions were more likely to adopt study strategies
for MCQ examinations; students with surface learning approaches tended not to ap-
proach MCQ examinations with a study strategy, and furthermore they were more likely
to not fully understand the difference between “understanding” and “reproducing” factual
knowledge.
Butler, Karpicke, and Roediger (2007) discussed ways in which multiple choice ques-
tioning could be improved. They found that there was no significant difference between
students’ long-term retention of knowledge whether they received “standard” feedback
(marking correct or incorrect and giving the solution) or “answer-until-correct” feedback
(marking correct or incorrect and giving the student another attempt if they answered
incorrectly until he or she answers correctly). Butler et al. (2007) concluded that delaying
feedback leads to better performance, indicating an improvement in long-term retention.
Bush (2001) gave further assurances that multiple choice questioning can be effective if
sufficient care is used in writing questions. This effect may be enhanced with negative
marking, with enabling the student to give more than one response, or with students’
self-assessment of their confidence in their solutions. He added a note of caution that
such testing can cause confusion, particularly if they are not used universally.
Greenhow and Gill (2005) explained that the success of multiple choice questioning is
aided by analysis of previous cohorts’ responses to similar questions. By establishing
common errors that have been made by students previously, the lecturer is better able to
determine the root of the mistakes. In doing so, multiple choice options can include “mal-
rules”: answers generated “if the student applies sensible, but incorrect, rules [methods]
of their own” (Greenhow & Gill, 2005, p. 2). Furthermore, by anticipating those common
errors, the lecturer can write feedback explaining the error and how this can be avoided
in future. For some CAA systems, this feedback can be generated as simply and as
quickly as it can generate the questions — so long as the system has been informed how
to generate this type of response. Without awareness and input of the mal-rules, the
CAA system is not likely to know where the errors have occurred and feedback to such
detail cannot be given.
Some feel that CAA systems that rely on multiple choice questions and numerical input
— which some refer to as “quizzes” — cannot test deeper understanding and cannot
be relied upon for summative assessment. Indeed, both lecturers and students realise
this: “[It] can be argued that such CAA tests do not adequately assess the higher level
skills or understanding in mathematics. To a large extent this is true. Students are well
aware of this, distinguishing as they do in feedback, between credit gained for method
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and credit gained for a single numerical input” (Croft, Danson, Dawson, & Ward, 2001,
p. 65, emphases in original). Conole and Warburton (2005, p. 21) agreed: “A major
concern. . . is whether multiple choice questions are really suitable for assessing higher-
order learning outcomes in higher education students”.
Although CAA systems, with or without a supporting CAS, offer much to both lecturers
and students, it is apparent that they bring some issues. The following section highlights
the persistence of these problems.
2.2.4 The problems with computer-aided assessment
There are many professional papers that extol the benefits of computer-aided assessment.
These papers tend to report the experiences of a lecturer implementing a CAA system.
There are few longitudinal studies that examine the long-term implications of the in-
stallation and on-going use of CAA, yet there are some reviews of CAA that attempt to
collate the issues. The following discussion is a fresh attempt to achieve a similar result.
To classify and explain the relationships between issues, this discussion is divided into
three categories, as chosen by McKenna and Bull (2000, p. 25): pedagogical, operational
and institutional. Although they do not operate as exclusive or distinct categories —
they are “clearly inter-related” — there are internal links within categories that provide
much scope for discussion.
Pedagogical issues
Perhaps the most pressing issue for CAA is ensuring that it is accepted by lecturers.
There appear to be a number of reasons why lecturers would rather not use CAA with
their students. Some feel that CAA is part of a process that makes education impersonal:
“It is fair to say that a concern of tutors was that automated feedback was another step
on the road to an uncertain impersonal future” (Barker & Lilley, 2006, p. 51). Likewise,
some lecturers prefer to have an active role in the feedback process, as Barker and Lilley
explained:
“Tutors liked the ability to be able to ‘keep a finger on the pulse’ when
providing feedback. Some concern was expressed that an automated approach
would lead to potential problems going unnoticed. This could not happen
when tutors themselves gave feedback.” (Barker & Lilley, 2006, p. 49)
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The design of questions has already been identified as an issue with respect to assessing
understanding and knowledge. Writing questions that adequately meet this requirement
was a concern raised by Stephens and Curtis:
“Previous experience of question writing was judged to be mixed amongst
lecturers, which can result in questions being provided by lecturers that may
not always tie in with their course objectives and may not be assessing at the
appropriate level of learning.” (Stephens & Curtis, 2002, p. 19)
In addition, there are limitations to the scope of what can be tested using CAA at the
current time: assessing proof and reasoning skills using CAA is “difficult to envisage”
(Sangwin, 2004, p. 7). Nonetheless, McKenna and Bull believed that assessing deeper
understanding can be achieved, but indicated that it requires more thought and creativ-
ity:
“The capacity of objective tests to assess a wide range of learning is often
underestimated. Objective tests are very good at examining recall of facts,
knowledge and application of terms, and posing questions that require short
text or numerical responses. Additionally, questions, which are constructed
imaginatively, can test analysis, synthesis and [evaluation].” (McKenna &
Bull, 2000, p. 26)
Though objective tests appear transparently fair, Dermo (2009, p. 211) noted that the
selection of questions at random from a question bank was not universally well-received
— “clearly there is a perception among students that these are unfair” — and ensuring
similar questions are of equal difficulty is another burden that question designers must
bear.
Some students also feel that, with some CAA marking schemes, they do not receive
the marks they deserve. For many systems, marks are awarded only for final answers
since students cannot communicate their method to the computer. Consequently, ”many
students felt uneasy with numerical input questions, feeling that too many marks were
lost if they made slight numerical errors” (Croft et al., 2001, p. 65).
Furthermore, there is an added expectation that students are comfortable using informa-
tion and communication technology to complete CAA tests. Although the study did not
involve mathematics assessment, a study performed by Biscomb, Devonport, and Lane
suggested that this might be a problem: “one of the major disadvantages noted by staff
was the issues of students’ levels of IT competence” (Biscomb et al., 2008, p. p.87).
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The lack of reward for marking and the assumption that students are capable of using
the technology may be regarded as both operational and pedagogic issues. While they
are limitations of the operational capabilities of the system, they are also restrictions to
the pedagogical decisions that lecturers must make with regard to assessment.
Operational issues
McKenna and Bull (2000, p. 28) viewed operational issues as being barriers to performing
the assessment to “rigorous exam conditions”. However, it is not always the intention for
assessment to have the same purposes as exam conditions. If CAA is to be used with the
intention to provide feedback to the student, then limitations in what the CAA system
can provide in terms of feedback becomes an operational issue.
Operational issues may also have more widespread effects. The first issue that McKenna
and Bull raised is that of timetabling: that is, CAA tests ought to be timetabled so as
to minimise the chance of conferring. As they noted, there are instances where a cohort
is too large to be accommodated in a single computer laboratory (Beevers et al., 1999;
Conole & Warburton, 2005). In such instances, McKenna and Bull advise testing one
group immediately after testing the other in order to ensure no conferring is possible.
Regardless whether invigilation is possible, many CAA systems feature a randomisation
technique that makes it highly probable that no two students in a cohort will receive
identical tests (Gikandi, Davis, & Morrow, 2011; Green et al., 2004; Pollock, 2002). By
using this technique, students are faced with an obstacle to cheating, although it does
not eliminate this cheating completely (Green et al., 2004). The effect of this cheating
is unknown — “we really have little idea of the true extent of this problem outside
invigilated labs” (Sangwin, 2005, p. 6).
The issue of security was another concern of McKenna and Bull: primarily the storage of
the question and answer files, and students’ responses; but also ensuring that students’
identities are checked as they take CAA tests. As for storage, McKenna and Bull (2000,
p. 28) reported that, at the University of Luton, question and answer files are removed
from the server when they are not in use.
A further point is that technology is not infallible (McKenna & Bull, 2000). Ke, Yingwei,
Yajun, and Runhua (2010) added:
“Computer equipment has its own limitations, it may not always be available,
or be in reliable working order. Additionally, test takers’ mental status, such
as scare [fear] and anxiety, has a negative impact on tests. Screen size, and
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graphics capabilities could also be limitations in practice of E-assessment.”
(Ke et al., 2010, p. 1659)
Some equipment and software issues affect some students more so than others when they
occur. Biscomb et al. (2008, p. 87) noted that one of the lecturers “considered that the
use of technology might be more problematic for students with special educational needs,
with particular reference to dyslexic students”.
This is an aspect of mathematics-based CAA that has been considered by Greenhow
(2000), with the use of font, size and colour to aid visually impaired students, and by
Sangwin (2005), with the implementation of mathematics rendering that can be used with
students that are visually impaired. Though such adjustments have been introduced to
aid those with visual impairments, it is not clear from the literature the extent to which
other disabilities have been considered.
Time appears to be a limiting factor in the maintenance and updating of a CAA system,
particularly when considering the development of new CAA tasks. Designing questions
has been identified as a time-consuming process that warrants careful consideration. It
appears in reality that lecturers seldom have the necessary time for such an undertaking
(Stephens & Curtis, 2002).
Students must also manage their time using CAA around other commitments: having
access to the tests at all times can provide some relief to their timetables (Pollock, 2002).
However, students desire support during assessment and the 24-hour availability of CAA
can lead some students to believe that such support is also available all day(Bertolo &
Lambert, 2007).
Institutional issues
McKenna and Bull (2000) believed that having adequate staff development to ensure
that novice and experienced practitioners could maintain and update the system was
important for the ongoing success of the system.
It could be argued that a lack of such training is a missed opportunity for the discussion
of good practice. With many options available, lecturers approach CAA “in an individ-
ualistic manner. (Stephens & Curtis, 2002, p. 19). This might cause some confusion
for students that experience different approaches from different lecturers. McKenna and
Bull (2000, p. 27) reinforced this point: “Stephens, Bull, and Wade (1998) have argued
for a systematic, fully-embedded implementation of CAA across an institution and sug-
gest nine recommendations for its successful introduction”. There is little by means of
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the governance of CAA use within higher education institutions; however, this seems no
different from the governance of assessment more generally:
“Of the 25-quality assurance staff who returned the CAA Centre question-
naire, only one reported having separate exam regulations in place for the
governance of CAA and this was specific to the use of OMR in formative
coursework, not for summative CAA. This finding is consistent with Yorke’s
observation that managing assessment at an institutional level is an under-
developed practice in UK higher education.” (Yorke, 1998).
(McKenna & Bull, 2000, p. 27)
Stephens et al. (1998) placed great importance on the cohesion of staff members to ensure
that CAA becomes a success:
“It is essential to have the support of all staff involved in designing, imple-
menting and maintaniing such systems, including academic, technical and
support staff. Suspicion surrounding new initiatives, innovations and tech-
nology makes it crucial that every effort is made to ensure the smooth running
and effective operation of such systems. This can only be achieved through
a strategic mandate with general institutional approval.” (Stephens et al.,
1998, p. 285)
Achieving universal support for CAA, however, seems challenging. Some lecturers —
and students — might prefer to conduct tests on paper; others feel that CAA does not
adequately test students. Consequently, there may be much support for CAA while some
remain sceptical:
“The introduction of CAA in the form of objective tests in multiple choice
question format has generated much but not universal enthusiasm among
students and staff.” (Woodbury, Ratcliffe, & Thomas, 2001, p. 16)
2.2.5 Summary
It is clear that many issues are present in the implementation of computer-aided assess-
ment; in the case of mathematics assessment, there are particular issues that are unique
to communicating and assessing elements of the syllabus. However, we remain interested
in the effects of CAA in terms of student improvement. For this, we turn to the practice
facility available in many CAA systems.
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Many papers claim that the CAA system being used offers formative assessment (Bull
& Stephens, 1999; Cerval-Peña, 2008; Crisp & Ward, 2008; Denton et al., 2008; Higgins
& Bligh, 2006; Sangwin, 2007; Thelwall, 2000), largely because they offer a practice
facility. However, there is little evidence in these papers to suggest that the feedback
(or “evidence about student achievement”) is routinely “elicited, interpreted and used by
teachers, learners, or their peers, to make decisions about the next steps in instruction”
(Black & Wiliam, 2009, p. 9, emphasis added).
It has already been claimed that students are motivated by practice and feedback (Bull
& McKenna, 2003; Gikandi et al., 2011; Crisp & Ward, 2008) and there is some evidence
in the literature that students earn improved scores with repeated practice (Thelwall,
2000). However, van der Kleij et al. (2011) found no significant improvement regardless
of whether “elaborated feedback” was given or not.
2.3 Conclusions
Assessment in mathematics courses in higher education is dominated by examinations.
There are many reasons for this: they are regarded as fair, valid and reliable. They are
also particularly well-established and there are institutional pressures to maintain this
practice.
While this type of assessment is the dominant summative assessment tool, CAA is be-
coming more popular: particularly for interim assessments. CAA offers lecturers the
opportunity to save time in delivering and marking assessment and to offer immediate
feedback.
There are a number of different systems available and they can be divided into two
categories: those supported by a computer algebra system (CAS) and those that are
not. Those with a CAS permit a wider variety of mathematics questions and response
types: notably this includes algebraic responses, which systems without a CAS cannot
offer. The lack of a CAS restricts the question types available: primarily to multiple
choice questions and numerical responses.
There are a number of problems that have already been identified with using CAA.
Practice is often uncoordinated and disjointed between colleagues; updating systems
with new questions is tedious; and it is unclear to what extent students learn through
using this type of assessment.
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While it has been asserted that practice is important in mathematics, it has also been
noted that many students take cues from their assessments when deciding on their ap-
proach to learning. Some are satisfied with surface learning, or with adapting their
learning to maximise their marks in the assessment.
Therefore, for CAA to be effective, it must at least encourage students to engage in
deeper learning; however, the literature provides no evidence for or against this claim.
Many CAA systems are described as formative assessment tools in the literature, but it
is not clear — either in the CAA literature or in the formative assessment literature —
what this means in practice.
An effective assessment should also require that students improve. This requirement
is only sometimes made of formative assessments. It is not apparent from the CAA
literature that students make a measurable improvement.
In order to evaluate the CAA system in this study, there must be a clearer definition of
what it means for an assessment to be effective. In order to do so, the following chapter
presents a theoretical framework from which to view the activity of assessment and, from
this position, it is possible to determine a model for what makes an assessment effective.
Using this model, one can evaluate an assessment tool — in this case, a CAA system —
for its effectiveness.
Chapter 3
Theoretical Framework
Activity theory is a framework for describing and interpreting socially mediated, yet
individual, activity: Barab, Evans, and Baek (2004, pp. 199–200) described activity
theory as a “psychological and multidisciplinary theory with a naturalistic emphasis that
offers a framework for describing activity and provides a set of perspectives on practice
that interlink individual and social levels”.
Assessment is a social activity between someone that is assessed — usually a student
— and an assessor — usually a teacher. However, assessments have rules that are
associated with them; they may be developed as a social enterprise. Cultural-historical
activity theory (CHAT) focuses on these aspects of human activity to identify influences,
contradictions, outcomes and changes.
This chapter provides an introduction to activity theory and provides a rationale for
using CHAT as a theoretical framework for this study. It culminates in a description of
how the author used CHAT and the assessment literature to develop a model for effective
assessment.
3.1 What is activity theory?
Activity is the most fundamental concept of activity theory. Leont’ev (1978) defines
it as any purposeful interaction between a subject and an object. It is activity that
is studied in activity theory: Leont’ev described activity as the most basic unit of life;
Kaptelinin and Nardi (2006) asserted, citing Leont’ev (1978), that subjects and objects
have no discernible properties when there is no activity. Therefore, without studying
activity, one cannot deduce properties of the subject or the object at that point. As
such, Kaptelinin and Nardi suggested that while activity theory does not preclude one
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action action action
operation operation operation
activity motive
action goal
operation condition
Figure 3.1: The hierarchy of activity
from speculating properties of a subject or an object based on generalisations, it asserts
that these speculations may be inaccurate.
In addition, cultural-historical activity theory considers the historicity of the society and
the mediating tools of an activity. For example, the desire to rank and grade students
on their ability developed over time; and as such, exams are firmly established as the
primary means of assessing students — particularly in mathematics (Iannone & Simpson,
2011).
Yet the individual has their own history that they bring to the activity. Thus while
an exam offers a seemingly objective assessment of students’ performance and accom-
plishment, students that are accustomed to this assessment practice, or have additional
experience with the content of the exam, have additional tools from which to draw upon
for this exam.
Therefore, it does not follow that the activity of taking a mathematics examination can
be described merely by noting the characteristics of the student and the exam. Therefore,
it is necessary to analyse the activity, as opposed to examining the subject or the object
in isolation.
3.1.1 The structure of activity
Not every thing can be a subject: a subject must have needs that can only be satisfied
by acting in the world (Kaptelinin & Nardi, 2006). This precludes non-living items from
being considered as subjects.
When an object presents itself as an opportunity to satisfy the needs of a subject, it
becomes a motive. Although a subject may be driven by a motive to satisfy a need, the
subject may be compelled to engage in other activities that do not correspond directly
to this motive. For example, a student (the subject) needing to take a CAA test (the
object) must switch the computer on (an action). This task, in itself, does not directly
lead the subject to satisfy the need; however, this is an important component of the
overarching activity.
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It follows that activity can be considered as a hierarchy of tasks (figure 3.1). While ac-
tivity is driven by a motive, actions are driven by goals. Actions are the chief component
of activity: switching the computer on is considered an action. Goals are conscious aims
of actions: subjects need not be conscious of their motives.
Actions may be further composed of operations, which are lower-level tasks that are
automatically carried out without an acute awareness from the subject. Operations are
carried out to satisfy conditions: these conditions relate to the goals of the ‘parent’
action. For example, a student may have to scroll down one of the test pages in order to
see the rest of a question, without consciously being aware of doing so.
Items within this hierarchy may be promoted or demoted. For example, once the subject
is familiar with logging into the CAA system, the subject will log onto the system without
investing much thought: thereby this action becomes an operation. Conversely, if the
CAA system was redesigned and the process for logging in changed, the student would
not be able to perform the procedure without thought and would thus become an action
again.
Humans may use tools, known as artefacts, to attain goals. For example, a student may
use a bookmark to access the tests. The student needs to know how to use the bookmark
(the tool-related competency) and the fact that bookmarks are used to get to websites
quickly (the task-related competency).
3.1.2 Key ideas within activity theory
Two central tenets dominate activity theory: that consciousness and activity are insep-
arable; and that the mind is social in nature (Kaptelinin & Nardi, 2006). These ideas
mean that the mind exists and can be understood only when activity is taking place,
and that society and culture directly influence products of the mind.
The processes of internalisation and externalisation are prominent features of activity
theory. It asserts that an activity that once required the use of external tools may be
internalised, no longer requiring those tools. For example, students typically learn to
perform long division on paper before learning to carry out such calculations mentally.
However, the process may reverse; students may resort to using a calculator if the solution
seems incorrect: this is an example of externalisation, where a previously internal action
requires the assistance of a tool. Vygotsky described a similar process by which a student,
or child, would develop from a social experience before internalising the experience:
“An interpersonal process is transformed into an intrapersonal one. Every
function in the child’s cultural development appears twice: first, on the social
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Subject Object
Tools
Rules Community Division of labour
Figure 3.2: The structure of an activity from Engeström (1999)
level, and later, on the individual level; first, between people (interpsycholog-
ical), and then inside the child (intrapsychological).” (Vygotsky, 1978, p. 57,
emphases in original)
Internalisation also describes the transforming of an activity from a collective, social ac-
tivity to an individual one. For example, a novice surgeon may require more experienced
staff for assistance until the skill and confidence to perform these actions alone have been
acquired. Externalisation is the reverse process: the surgeon may require support from
others if complications arise in a surgical procedure. That is, interpsychological mental
functions — distributed between many people — may become intrapsychological mental
functions, and vice versa.
Mediation considers the impact of artefacts on human activity and the culture and history
developed by these artefacts. Computers have their own culture and history, having been
developed to be faster, more reliable and more efficient. They have significantly altered
many aspects of society in culture: in manufacturing, communication and productivity.
Cultural-historical activity theory examines a large number of intricacies and consider-
ations in an activity system. Representing mediation is particularly troublesome, as it
applies equally to the subject and its community, and it imposes on the nature of the
object. Engeström (1999) introduced a diagrammatical representation of an action that
encompasses the relationships between the subject, object and community (figure 3.2).
Engeström (2000) also described “disturbances” as occurrences in an activity that cause
tensions. They may lead to contradictions, which are instabilities in an activity system
that need to be addressed. They are the drivers of change in activity.
Cultural-historical activity theory provides a framework for human activity and guides
researchers to aspects of an activity system to observe for analysis. Activity is social and
individuals engage with and negotiate within a community in order to achieve personal
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success. When engaging in a group activity, such as with studying at a university,
success is conferred upon an individual by the community; at a university, this is usually
in the form of grades, marks and awards. This requires the individual to align with the
expectations of the community: that is, the goals of the individual must be compatible
with the goals of the community.
These positions guide researchers towards examining the goals of the individual and
the community and to what extent these goals align and differ, in addition to how the
individuals and the community act towards their goals. With regard to this study into
how lecturers and students use a computer-aided assessment, they raise four questions.
• Developing an identity: What effect do students’ and lecturers’ histories and
cultures have on the way they use the CAA system?
• How goals are formed: What kind of goals are students and lecturers interested
in pursuing, and what happens when they achieve them?
• The influence of the community: What effect does the community have on
students and lecturers using the CAA system?
• Resolving contradictions: What happens when students and lecturers encounter
a contradiction while using CAA?
The following section explores these aspects in more detail.
3.2 Detailed examination of aspects of CHAT
3.2.1 Developing an identity
The notion of identity is a topic of debate in socio-cultural studies. In a general terms,
identity is the set of characteristics that an individual conceives of themselves that express
individuality or alignment with a social or cultural group. That is, an individual may
consider his gender, age, religion, nationality, sport affiliations and profession to be
elements of his or her identity.
Roth explained how cultural-historical activity theory considers identity to be interpreted
through activity:
“The construct of identity pertains to who someone is. However, we do not
know who a person is independent of the actions of that person. Being shown
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the middle finger by another car driver, we may think, “he is a rude person;”
overhearing someone using the four-letter f-word incessantly, we may think,
“she is crude;” and seeing a group of students performing incredible stunts
on their skateboards, we may think “they are skateboard experts.” In all
of these examples, attributions about who someone is are made based on
observable behaviour (actions). Actions that are already means of expressing
emotions and motivations also come to express identities.” (Roth, 2007a,
p. 56, emphases in original)
This is certainly true to Leont’ev’s description of activity and consciousness. He believed
that in order to understand both the subject and the object of the activity, the researcher
must analyse the activity. In particular, Leont’ev (1977, p. 5) noted that in order to
understand the internal processes of the subject, “it is external activity that unlocks the
circle of internal mental processes, that opens it up to the objective world”. Kaptelinin
and Nardi added:
“. . . activity theory maintains that no properties of the subject and the object
exist before and beyond activities (e.g. Leont’ev 1978). These properties do
not just manifest themselves in various circumstances; they truly exist only
in activities, when being enacted.” (Kaptelinin & Nardi, 2006, p. 31)
Holland, Skinner, Lachicotte Jr, and Cain described identity as something that is con-
structed by individuals that both describe and influence how they act:
“People tell others who they are, but even more important, they tell them-
selves and then try to act as though they are who they say they are. These
self-understandings, especially those with strong emotional resonance for the
teller, are what we refer to as identities.” (Holland et al., 1998b, p. 3)
While individuals construct and develop their own identities, Holland et al. explained that
they are subject to influences that might act as constraints. There are social norms and
practices, cultural resources and past experiences that must be considered. Consequently,
they argued that individuals do not truly act spontaneously: the extent to which their
activity is novel is bound by these factors.
Identity is by no means rigid, yet there are limitations to its change. Indeed, an individual
may develop multiple identities that are used in different social or cultural situations,
and different activities: “one ‘becomes’ what one ‘does’. . . through reflexivity” (Black et
al., 2009, p. 56). For example, when undergraduate students start at university, they
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may enter multiple social situations to which they may be largely unaccustomed. That
student may become a housemate, a reveller, a sportsman, a learner, a society member,
and so on. In such cases, the student learns these roles from individuals established
in those cultures. Consequently, practices are transferred between individuals doing a
similar activity.
There are times when these identities cause contradictions, particularly in relation to
dividing time between activities. For example, the author recalls an instance when a
student intended to miss an assessment in order to participate in a sports event. In this
instance, the student’s identity as a sportsman contradicted the student’s identity as a
student engineer; the sportsman was the dominant identity.
Colloquially, one might refer to wearing hats to represent such shifts in identity: an
academic that is both a researcher and a lecturer might respond to a situation differently,
depending whether she ‘puts her researcher’s hat on’ or ‘puts her lecturer’s hat on’.
Likewise, a student that confronts a contradiction between his need to sit a test and
his need to participate in a rugby competition may — consciously or unconsciously —
choose which hat to wear.
Black et al. (2009) proposed the notion of leading identity to build upon Leont’ev’s (1981)
earlier concept of leading activity. Leont’ev described leading activity as those activities
that are more significant for an individual’s development. In other words, “activities
become leading when new motives are generated so that the original motive of actions is
surpassed by a new motive, and hence, a new activity” (Black et al., 2009, p. 57). They
also argued that participating in a leading activity leads to a hierarchical structuring
of existing identities according to their importance to the leading activity; they define
‘leading identity’ to be the identity that develops and dominates in the course of engaging
in leading activity. They give the following example:
“. . . a student may tell of a particular work experience placement (e.g. in a
hospital) as being critical in shaping their aspirations (to become a doctor)
— this can be classed as a leading activity for the student if (a) the placement
was begun with a particular motive (e.g. a week-long break from the toils
of school) which then shifted to a new motive (to understand and engage
with the occupation in question for its own sake) and (b) this resulted in a
new leading motive for the student drive by one’s potential identity within
that occupation. Within this framework, the student acquires a new leading
identity (e.g. a medic) which is revealed by the new motive. . . ” (Black et al.,
2009, p. 58)
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In this instance, the student’s new motive directs how his or her identities are ordered
in this hierarchy of identities, prompting a new evaluation of his or her current and
future activities — “e.g. what qualifications he or she needs to attain, what subjects are
relevant” (Black et al., 2009, p. 58).
In the United Kingdom, most students choose which university courses they are interested
in studying while in their final year of school and before they receive their exam results.
Their motives could be aimed towards entering a particular profession, or pursuing the
topic of their interests further, or to fulfil the wishes of their families, for example. During
the course of their university studies, new leading motives may emerge: for example, this
may happen as students learn which modules most interest and engage them. For these
students, their university studies become leading activities and they acquire a new leading
identity.
Some students may have already developed a leading identity during their school educa-
tion that continues to have a noticeable effect on their identity formations at university.
Those students may have chosen their favourite subjects to study at school to develop
their interests in those subjects; however, the desire to score high marks may become
the new leading motive, given that they may be perceived to satisfy the need of success.
In such cases, the students may develop a new identity that prizes success in excellent
performance in assessments and examinations. This identity may transfer into university
study.
Leading identity directs the course of leading activity once it emerges. It also has an
impact on the goals that the individual pursues: a student whose leading identity is to
become an engineer may have different goals from a student who wishes to earn a first
class degree, regardless of the course subject.
Thus identity is an important consideration when discussing the effectiveness of an as-
sessment. It forms an important part of the activity of university learning and may have
an influence on the forming of a leading identity. It creates a double bind of priorities
when considering how assessment should cater for the student: should assessment cater
for every identity, or should assessment be designed to nurture the development of a
particular identity?
In other words, is it the responsibility to design assessment so that it suits the student,
or should assessment be designed to train students to develop in a particular way? If
assessment should cater for every leading identity, then it must cater for a wide range of
possible goals. That is, as well as providing guidance to students wishing to seek a deeper
understanding of the material being tested, an assessment should also give feedback that
helps students aiming towards less demanding goals.
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If assessment should be designed to nurture particular identities, then, as the subsequent
discussion of motives and goals argues, there remains a risk that those students that do
not develop those identities fail to engage and flourish with the assessment.
Cultural-historical activity theory accepts that individuals within a community have
different identities, but in order for the individual to succeed in the community, they
must act in accordance with the motives of the activity. Therefore, some identities and
actions are valued more than others, and the community encourages individuals to orient
their actions towards those of the group. Thus the community has an influence over the
goals that individuals pursue when they are engaging in a common activity.
In order to understand how goals relate to the effectiveness of assessment, the following
section discusses how goals are formed and what happens when goals are achieved or
missed in the course of learning.
3.2.2 Goals
The literature review established the importance of the assessor’s goals to assessment in
terms of setting assessment criteria and designing assessment. However, less is mentioned
of the student’s goals in relation to assessment.
Perhaps this is because there is an expectation that the teacher or assessor is responsible
for choosing the goals for assessment and for students to adopt these goals. For example,
in an examination, the assessor will select items of the syllabus to be tested and design
the test paper accordingly; students are bound to the goals of the paper in order to
succeed.
Yet, students are individual actors with agency and with their own motives. They
consequently form their own goals and act accordingly (Leont’ev, 1977). If the goals set
by the assessor for an assessment do not align with the student’s goals for assessment,
then there is a contradiction; in which case, the student may not engage fully with the
assessment. An example where this kind of conflict between teachers’ and students’
goals can be found in the study conducted by Jaworski, Robinson, Matthews, and Croft
(2012), where students engaged in learning activities that were set by the lecturer, but
failed to acknowledge the benefit these activities had for their own aims to do well in
summative assessments.
This raises some questions about the nature and origin of the assessor’s goals, when
formulating an assessment, and the student’s goals, when engaging with an assessment:
• how are these goals formed and selected?
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• how individual are the choices for goal-formation?
• what happens at the end of an action directed towards the achievement of a goal?
There is little in theoretical literature about the process of forming goals. Tikhomirov
(1988, p. 113) noted, “The category of goal is constantly used in the theory of will, but
the very process of formation of the final goal, described as decision-making, is at best
mentioned but not treated as a subject for experimental research. . . It is also necessary
to remember that the problems of will are among the least developed”. A search for a
development or contrast of Tikhomirov’s ideas in existing literature yielded little.
However, while Tikhomirov discussed “thinking and goal-formation” within the context
of Marxist and socio-cultural philosophy, he did not explicitly state that his notions
referred to activity theory. Nonetheless, his terminology was consistent with activity
theory literature and has been cited in the work of Engeström, and the notions he
presented are supported in the literature of researchers using activity theory in their
work.
For the theoretical framework of this research, Tikhomirov’s position is taken to define
and describe goal-formulation and to answer the questions above.
How are goals formed and selected?
When individuals form new goals, there are a number of prerequisites (Tikhomirov,
1988). These include: “the emergence. . . of new needs and motives, assimilation of
new knowledge about possible goals. . . , acceptance of new requirements for an action,
appearance of new results of individual actions, failure to attain the anticipated results,
emergence of new unconscious anticipations of future results of an action” (Tikhomirov,
1988, p. 117). This suggests there are many causes of goal-formation, which arise from
the outcomes of an action or from increased awareness of the consequences of a future
action. With respect to CAA, Table 3.1 gives some examples of scenarios that invoke
goal formation.
Goals are also viewed as an anticipated result of an action. When considering possible
future outcomes, the individual also has some sense of the likelihood of the desired
result being achieved. Tikhomirov (1988) suggested that individuals may have numerous
motives, and the goals they formulate reflect this fact. Sometimes, the motives offer
clashes; in which case, the goal might not contribute to some aspect of the activity of
some motives.
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Prerequisite CAA Example
emergence of new needs and motives student identifies need to get higher module marks
in order to achieve desired degree classification
assimilation of new knowledge about possible goals through CAA, the student learns a particular tech-
nique that can be used to prove a theorem
acceptance of new requirements for an action student realises that in order to perform well in
the exam, he/she must master a technique that is
tested in CAA
appearance of new results of individual actions having established that he/she could do a par-
ticular task through a CAA test, he/she aims to
complete a related coursework task using the same
technique
failure to attain the anticipated results a student aiming for full marks may concentrate
on the questions he/she got wrong first time
emergence of new unconscious anticipations of fu-
ture results of an action
the student might anticipate that getting 100% in
a CAA test would make doing a related coursework
easier
Table 3.1: Examples of prerequisites that invoke goal formation in CAA
For students embarking on a course of study at university, many motives influence their
goal-formation and selection. As discussed before, on the notion of “leading identity”, a
dominant aspect of a person’s identity can be challenged by strong motives (Black et al.,
2009). Black and Williams (2013) followed that paper with a description of the tensions
that Mary, a Muslim woman that had ambitions to become an engineer, encountered.
Once at university, she found her motive to get “to the top of engineering” (Black &
Williams, 2013) was impeded by her identity as a “good Muslim woman”. Consequently,
her goals were formed and selected to do well enough in her course without moving too
far from her family home. This meant that she felt she could no longer reach “the top”,
but she could remain close to her family.
In the context of this study, students bring leading identities that influence the way
they act and the goals they pursue. Tensions, like those described by Mary, are likely
to manifest as a result of motives and identities competing. For example, a student
may face a choice between spending time to understand the material or to attempt to
maximise their marks when doing a CAA test.
Tikhomirov (1988, p. 120) mentioned other ways in which individuals form goals; Table
3.2 gives examples of how such goals may be formed with respect to CAA:
(a) “transformation of motives into goal motives in the process of gaining an
awareness of them” — when individuals become aware of their motives
(deciding to become a pilot, for example), then they form their goals
accordingly;
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Ways of forming goals Examples from CAA
transformation of motives into goal motives in the
process of gaining an awareness of them
A student, during his/her degree course, may be-
come aware of his/her career ambitions and uses
these ambitions as goals.
transformation of side-effects of action into a goal
through a connection with the motive and gaining
awareness of the result
Through CAA, a student might notice an alter-
native method for solving a problem; the student
may set a new goal aimed at learning, testing and
refining this method
transformation of unrealised results into realised Once a goal has been achieved, the student can
formulate a new goal
establishment of intermediate goals The student might choose to concentrate on cor-
recting wrong answers in order to achieve the pri-
mary goal of achieving a high score
Table 3.2: Further examples of prerequisites of goal formation in CAA
(b) “transformation of side-effects of action into a goal through a connection
with the motive and gaining awareness of the result” — in pursuing a
goal, an individual may notice a related task that would be beneficial
to perform;
(c) “transformation of unrealised results into realised” — once an individual
has achieved a goal, another goal may form;
(d) “establishment of intermediate goals” — an individual may identify a
long term goal that may require intermediate tasks to be completed.
How individual are the choices for goal-formation?
Individuals determine which goals they pursue, whether they formulate their goals them-
selves or accept socially generated goals. Of social and cultural influences on goals,
Tikhomirov (1988, p. 117) noted: “An individual views a group goal as a requirement
which has yet to be accepted. Moral and legal norms are a source of goals but should not
be identified with them (since otherwise law-breaking could not have been explained)”.
Whether individuals accept a group goal is determined by “selectivity, which is deter-
mined, among other things, by personal experience” (Tikhomirov, 1988, p. 117).
Although individuals may accept group goals for their own activity, individuals may also
formulate their own goals that have some influence from social and historical factors.
These factors include the needs determined by the social structure, social conditions and
the mastering of language. Mastering language enables the individual to negotiate goal-
formation both with the social group and internally. The individual, by means of these
negotiations, can establish whether the conditions form a link with a current need, with
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a potential need, or as a means to resolve a conflict between two needs (Tikhomirov,
1988, p. 118).
When students are presented with a learning activity, such as CAA, there are inherent
goals that are presented by the lecturer. In particular, the lecturer wishes the students to
attempt the assessment and improve. Furthermore, the lecturer will have some specific
goals in mind when designing the assessment. There are also goals that are presented by
the academic community: to test the students’ competences. When selecting their own
goals, the students may have some awareness of lecturer and academic goals, while also
being complicit in the generation of group goals among the student community — for
example, if members of the group are finding a particular method difficult to grasp, the
group might elect to practise those questions more.
One can conclude from Tikhomirov’s writing that individuals within a group form and
pursue a somewhat unique repertoire of goals. In terms of learning, and with respect to
using CAA, one would expect students set a personalised combination of goals, which re-
sults in contrasting activity. These goals may yet be quite similar, given their contextual
nature: that is, they have been formulated within a given community and culture for
a particular activity. However, since individuals acquire and develop a leading identity,
one can expect differences in the goals that students select.
What happens at the end of an action?
Tikhomirov (1988) believed that there are at least three different types of results of an
action. One is to achieve the goal. Another type of result is an unintended outcome of
the action, which may arise from a successful or unsuccessful action. The other type is
the outcome of an involuntary activity that is associated with the purposeful action. For
example, a student answering questions on a CAA test with the goal to understand an
aspect of calculus might or might not be successful in doing so (the first type of result);
the student might learn other aspects of calculus in doing the test (the second type); and
the student might learn a new keyboard shortcut for the CAA system (the third type).
Each of these three types can facilitate the formulation of a new goal. For the latter
two types, a new goal may be formulated with respect to the unexpected or unintended
outcomes, regardless of whether the original goal had been fulfilled.
This encourages the notion that selecting goals and performing actions form a cycle (fig.
3.3) : that is, activity can be viewed as both a process and a cycle of actions. Tikhomirov
(1988, p. 120) described this cycle in terms of the product of action: “an action is, as
it were, doubly productive: the creation of a new material product is preceded by the
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Student achieves learning goalsStudent sets learning goals
Student capable of
more challenging goals
Figure 3.3: An elementary learning cycle.
creation of a new ideal product.” By this, the author believes that Tikhomirov suggested
that individuals do not achieve a sense of accomplishment and closure upon completing
an action; rather, an opportunity for improvement immediately presents itself.
Tikhomirov (1988, p. 119) stated, “Viewed as a process, an action may be said to have
three component parts: the formation of a goal, a progress evaluation, and evaluation
of the final result”. That is, an action requires an initial goal, an assessment of whether
that goal has been achieved, and reflection upon the action and the goal.
The individual reflects upon previous goals when performing a self-evaluation on his/her
action. Tikhomirov (1988, p. 120) noted: “When a sequence of goals is formed, each
is compared against previous results and previous goals.” Furthermore, Tikhomirov
believed that the senses of success and failure are necessarily linked to this kind of
introspection, since the individual has a sense of what he/she is capable of achieving.
This further alludes to the cyclic nature of activity and, therefore, learning. Not only
does the completion of one action inspire the formulation of another, there is also a
historicity to goal formation. When forming goals for a learning activity, students would
be aware of their prior achievements, successes and failures when engaging in this type
of activity. Perhaps a consequence of this suggestion is that the students are capable of
setting goals at least as challenging as the ones they have achieved before.
Tikhomirov (1988, p. 146) added:
“Assessments of the result’s attainability, of which the person is not always
aware, are incorporated into the process of forming a new goal. Apart from a
conscious image of the future result, a real goal also includes an unconscious
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assessment of the attainability of that result. These ideas have been confirmed
by a series of experiments.”
In this quote, Tikhomirov suggested that students assess how realistic their goals are
when they form them, yet they may not be aware they have made such foresights.
Likewise, for CAA, a student would form goals and assess their viability concurrently.
An outcome of such deliberations — conscious or unconscious — is that students will
more likely pursue goals that they believe are achievable than they are to pursue goals
that they do not believe are achievable.
Tikhomirov’s (1988) descriptions of the goal-forming and goal-achieving processes make
five clear points that are important to consider when analysing the activity of students
with an assessment tool.
1. A myriad of external factors shape how each student forms their own individual
goals.
2. While adjusting to a new community and culture at university, students are exposed
to new influences and group goals. That is, they are influenced by lecturers and
peers in the goal-making process.
3. In order for a student to know whether a learning action has been successful, there
must be an assessment to determine whether a goal has been achieved. Usually this
assessment is designed and administered by a lecturer or assessor, but assessments
may be peer-led or self-directed.
4. Once a goal is achieved, students are motivated to pursue more challenging goals.
These iterations of improvements suggest that learning occurs in cycles.
5. Students use their histories, as well as their identities, cultures and social influences,
to support their decision-making when forming and selecting goals. They assess
whether goals are attainable while they are forming their goals. Most of the time,
students set goals they believe they can achieve.
Tikhomirov’s writing suggested that the community of the activity has an influence
on individuals’ goal formations. Understanding the nature and extent of this influence
should be of interest in the design of assessment: if students change their motive in the
process of doing an activity, it becomes a leading activity and the students develop leading
identities. If this is the case, it suggests that students could be encouraged to develop new
leading identities — that is, with motives that align more with the community activity
— through exposure to and immersion with the community.
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Get full marks
Tools
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Other students
Lecturers
Division of labour
CAA provides feedback
Colleagues provide feedback
Outcome
Scored 100%
Figure 3.4: An Engeström representation of a student undergoing a CAA test
The following section explores the role of community on activity and how it may affect
how learning and assessment take course.
3.2.3 The influence of the community
Engeström’s (1987a) triangular model of activity (Figure 3.2) makes clear that each node
has a reciprocal influence and importance with respect to all the others. Community is
one such node; thus the community in which an activity takes place not only affects the
subject, object, tools, division of labour and rules of the activity, it has a telling influence
on the process of the activity as well. Figure 3.4 offers an example of the activity of a
student undertaking a CAA test.
This section on ‘community’ begins with a brief review of the impact that community
has on the other nodes of activity, as described by Leont’ev, Engeström and others that
have assisted in the development of understanding activity.
It continues and culminates with the notion of figured worlds, as proposed by Holland
et al. (1998b), which offers a construct for framing and understanding how individuals
act within particular socially and culturally formed contexts.
Community in the activity system
Leont’ev (1977) affirmed the critical importance of community in human activity:
“Despite all its diversity, all its special features the activity of the human
individual is a system that obeys the system of relations of society. Outside
these relations human activity does not exist.” (Leont’ev, 1977, p. 7)
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Figure 3.5: Activity in Marx (1999) as parts of the Engeström (1987a) triangle
While individuals are intrinsically influenced by the society and culture in which they are
immersed, Leont’ev was clear that it was not a simple matter of deducing or predicting
an individual’s actions by the norms of those societies and cultures.
In the previous section, Motives and goals, Tikhomirov’s position on the formulation
of goals and the choices that individuals and groups make to pursue those goals were
described. He believed that all group goals were once formulated by individuals, and
individuals within those groups may elect to adopt or reject those group goals in their
own actions. Pointedly, he noted that it was not simply a matter of individuals adopting
the goals of the group — or community — to which they belong, “since otherwise law-
breaking could not have been explained” (Tikhomirov, 1988, p. 117).
From Leont’ev and Tikhomirov, there is a clear impression that the individual and their
community are not always reflected faithfully from one to the other. However, Leont’ev
noted the importance of community and the adoption of a common motive across the
community as a necessary characteristic of human activity derived from the Marxist
ideology from which activity theory was conceived.
Engeström (1987a) made the influences of community on the activity system clear in
his triangular representation of activity. In this diagram, community is seen to have a
reflexive influence on the subject, the object, the division of labour, the rules and the
development of tools.
He also suggested that “each sub-triangle. . . is potentially an activity of its own” (Engeström,
1987a) and used Marx’s (1999) terminology for production, exchange, consumption and
distribution to represent them (Figure 3.5). The influence of community on the other
nodes of activity is most telling in the latter three triangles.
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Marx (1999) described the four processes represented by the sub-triangles in the following
way:
“. . . in production the members of society appropriate (create, shape) the
products of nature in accord with human needs; distribution determines the
proportion in which the individual shares in the product; exchange delivers
the particular products into which the individual desires to convert the por-
tion which distribution has assigned to him; and finally, in consumption, the
products become objects of gratification, of individual appropriation. Pro-
duction creates the objects which correspond to the given needs; distribution
divides them up according to social laws; exchange further parcels out the
already divided shares in accord with individual needs; and finally, in con-
sumption, the product steps outside this social movement and becomes a
direct object and servant of individual need, and satisfies it in being con-
sumed.” (Marx, 1999, ch. 1, sect. 2, para. 2)
In this passage, Marx noted the community influence in all four processes. In production,
the community and the individual agree on the object of the activity; in distribution,
the responsibilities for individuals within the activity are allocated; in exchange — or,
as Engeström suggested, communication — products, tools, rules and information are
exchanged between individuals in the community of the activity; and in consumption,
the product of the activity serves to satisfy the needs of the individuals within the
community.
Hence it is clear that the community of an activity has a direct impact on the processes
that occur within that activity. Consequently, the course and end-product of the activity
are also affected by the community.
How does one define the community in which lecturers and students engage with computer-
aided assessment? If the community is defined by those agents that have some investment
in the individual’s activity — that is, those agents that have an effect on the individual’s
activity — then the scope for those agents included is very large: students are influenced
by family, friends, peers, lecturers, former teachers, and so on; for lecturers, colleagues,
administrators, students, research literature, and so on, may have an influence on their
teaching.
However, it is perhaps somewhat peculiar to consider the student’s family, for example, as
part of the community in the activity of learning at university or taking computer-aided
assessments. Nonetheless, there remain cultural and historical influences on the individ-
ual, regardless whether these influencers may be considered as part of the ‘community’
of the activity.
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In order to make more sense of the distinctions between those in the community of the
activity and those that merely form an external cultural or historical influence, the notion
of figured worlds is useful as a framework for describing the agency of individuals both
to be an individual within a community seeking a common motive, and to have multiple
identities for engaging with multiple activities and multiple communities.
Figured worlds
Individuals are engaged in several activities in which there are different communities, ex-
pectations, outcomes and tools. In participating in each activity, individuals are expected
to act according to those norms and accepted practices: in other words, individuals act
differently according to the activity system in which they are engaged in. Holland,
Lachicotte Jr, Skinner, and Cain (1998a) called this notion “figured worlds”.
“By ‘figured world’, then, we mean a socially and culturally constructed realm
of interpretation in which particular characters and actors are recognised,
significance is assigned to certain acts, and particular outcomes are valued
over others.” (Holland et al., 1998a, p. 52)
A university comprises several figured worlds: some value academic endeavours; some
reward sporting achievement; some desire administrative efficiency; some value social
skills. Students and lecturers at the university find themselves engaging with several
different figured worlds with activities that sometimes compete for an individual’s time
and effort.
Lecturers are teachers, assessors and researchers. While teaching, they are governed
by rules of the institution and expectations from the student; they engage primarily
with students and use a variety of tools to communicate. While assessing, lecturers
abide by a different set of rules and cultural expectations; they have a different role
in administering and reporting students’ performances and use different tools. While
researching, the community is very different — little interaction with students and more
with peers and colleagues — and the motives are substantially different.
For students, university life transcends study. There are several study activities: in the
lecture, in the seminar, in the library, in the exam hall, and so on. The activity is visibly
different in each. Many students also live at university and, for some, their social lives
are centred around their halls of residence. They might also engage with sports groups,
clubs and societies.
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Figured worlds are spaces in which new identities not only develop but are expected to
develop: in order to engage with others and achieve while in a figured world, individuals
must participate in community activities. However, the identities that develop within
figured worlds tend not to be distinct or “brand new”. Consequently, one might expect
that new students entering university will inherit aspects of their identities developed
prior to arrival and develop new characteristics as they partake in these new activities.
Citing Holland et al. (1998a), Rush and Fecho described figured worlds as being contin-
uous and developing; to which the same could be said for individuals’ identities as they
develop in a figured world:
“Figured worlds acknowledge the simultaneity of their historic and the dy-
namic. As such, there is an understanding that what is will continue, but
what is will also be different even as it retains qualities of what has gone
before. The process of improvisation — of finding space for oneself within
a larger social construct — figures significantly into this transaction of the
historic and the dynamic.” (Rush & Fecho, 2008, p. 126, emphasis added for
clarity)
Rubin (2007, p. 245) concluded: “The conceptual frame of figured worlds is a powerful
tool for illuminating how everyday activities and events become part of identity pro-
duction.” In the Rush and Fecho (2008) study, the students were encouraged to develop
identities as speech and language practitioners; Rubin reported on the effects of a figured
world on the development of students’ identities in the classroom.
The idea that figured worlds develop participants’ identities is an important one. The
Rubin study indicated how this can have a negative impact on students’ identities and,
as a consequence, how they form their aims, motives and ambitions.
The figured worlds from which university students come from typically — but not always
— relate to secondary school, in which there are expectations for conduct, study and
assessment. Upon arriving at university, these students arrive at new figured worlds in
which the rules are not enforced in the same way, and the division of labour is such that
the students are expected to work more autonomously.
As well as being a place for learning, university is also a social space. This study is
situated in a British university with a large campus: many students live on-site or nearby.
It is renowned for its reputation in sports and many students participate in societies and
clubs. Each of these social spaces forms a figured world and students may form multiple
identities.
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Thus a student might not just be a student while at university: they might also be
footballers or hockey players; they might be activists, fundraisers or student representa-
tives; they might also be a halls resident and form their own communities based on their
interests with housemates.
As these identities develop, students may find that their figured worlds collide: they may
be faced with tensions that arise from sports fixtures or outings, for example. In such
cases, the students may have to align more with one identity than another.
Lecturers face similar tensions and choices. They engage with many figured worlds within
the university, which include research, teaching and assessment commitments. In each
of these figured worlds, with differing — and sometimes conflicting — demands and
outcomes, lecturers juggle their time to fulfil their commitments.
Therefore, an important consideration for choosing a methodology is to capture these fig-
ured worlds and how they impact on identity development and the resolution of tensions
between competing identities.
It is possible that CAA could be considered a figured world in which individuals develop
new identities and actions. If CAA does form a figured world, then there may be tensions
that arise between the expectations within the CAA figured world and other figured
worlds.
In order for CAA to be considered a figured world there must be identities, actions and
goals that are valued distinctly from other figured worlds in the university community.
Therefore, the analysis should determine what identities, actions and goals are valued in
CAA testing and whether these are considered distinct and different.
3.2.4 Resolving contradictions
Over time, activity systems develop norms and customs. There become “ways of doing
things”, accepted practices and expectations. However, there can be deviations from
these norms and they are called “disturbances” (Engeström, 2000, p. 964). Disturbances
are caused by contradictions (Engeström, 2001). Engeström defined contradictions in
the following way.
“Contradictions are not the same as problems or conflicts. Contradictions
are historically accumulating structural tensions within and between activity
systems. . . . Such contradictions generate disturbances and conflicts, but also
innovative attempts to change the activity.” (Engeström, 2001, p. 137)
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Engeström (1987a) described four levels of contradiction. At the primary level, con-
tradictions exist within nodes of the activity system. Foot (2014) argued that primary
contradictions are the foundations of all contradictions and that they arise from the di-
chotomy of use value and exchange value. This is most easily conceived as conflicts in
the object of the activity: for example, a student chooses a university course to pursue
their interest in a field, but at the same time their degree holds significant societal value.
This dual purpose does not always present a problem, but it is an instability. Conse-
quently, this primary contradiction provides a basis from which secondary, tertiary and
quaternary contradictions might develop.
A secondary contradiction occurs between nodes of an activity. For example, a student
might find a way of obtaining a solution to an assessment question using mathematical
software. This is a contradiction between the tools (the assessment and the software)
and the rules (plagiarism and academic honesty) of the activity system. The tension
arises from the primary contradiction: there is a reward for obtaining the correct answer
(exchange value); but there is also one for acquiring knowledge that would prove useful
in a future career (use value).
Foot (2014, p. 340) noted: “It is important to note that secondary contradictions exist
a priori to and independently of tertiary contradictions.” Tertiary contradictions arise
as a result of the development of a more “culturally advanced” (ibid.) activity. Thus an
effort to remediate the secondary contradiction between the software and the rules might
include invigilating tests and withdrawing access to the software. This may cause ten-
sions within the student body: particularly if they felt that an invigilated test increased
pressure and impaired their performance.
Quaternary contradictions arise from neighbouring activity systems remediating a ter-
tiary contradiction. Regarding the student studying on a degree course as the central
activity, consider the activity of the lecturers: in assessment, they determine and report
on the competences of their students. The students realise that they must achieve well
in these invigilated tests to earn the credit they need; and therefore they change their
study habits accordingly. The lecturers may interpret these new study habits as surface
learning, lacking a depth in understanding.
Therefore, while contradictions offer an insight into past and future change, the level of
contradiction is important for establishing possible causes of change.
Engeström (1987a) argued that contradictions and their resolutions provide the basis for
learning. Engeström (1999) called this process “expansive learning” and described it as
a cyclic process comprising seven stages: questioning, analysing, modelling, examining
model, implementing model, evaluating process, and consolidating new practice. Foot
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Levels of contradiction Characteristics of contradiction levels Corresponding learning action(s)
Primary Occurs between the use value and ex-
change value of any corner of an ac-
tivity system
Questioning
Secondary Develops between two corners of an
activity system
Analysing
Modelling
Tertiary Arises when the object of a more de-
veloped activity is introduced into the
central activity system
Examining model
Implementing model
Evaluating process
Quaternary Occurs between central activity and
neighbouring activities, triggered by
tertiary contradiction
Consolidating new practice
Questioning
Table 3.3: Levels of contradictions and corresponding learning actions, from Foot
(2014, p. 342)
and Groleau (2011) related the four levels of contradiction to each stage of the expansive
learning cycle (Table 3.3).
Interpreting contradictions as a basis for learning in this way reinforces the notion that
learning is cyclic and depends on the need to satisfy and create goals for learning. The
primary contradiction, occurring within the individual’s mind, creates an unstable state.
To resolve this contradiction, the individual creates a goal to be achieved in order to solve
this internal questioning. Once a learning goal is achieved, the individual is faced with a
quaternary contradiction with a neighbouring activity, thereby exposing the individual
to further potential learning goals.
3.2.5 Summary
This section, looking at some aspects of cultural historical activity theory in more detail,
provided some possible solutions to these questions listed earlier in the chapter.
• Individuals arrive at university with prior experiences, exposure to different com-
munities: how does this form who they are and how they might act? (Developing
an identity, p. 49)
• People engage in actions to pursue goals: how are they formed (How are goals
formed?, p. 54), and what happens when they are achieved? (What happens at the
end of an action?, p. 57)
• What effect does the community have on the individual in an activity system?
(The influence of community, p. 60)
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• What happens when there is a contradiction in the course of their activity? (Re-
solving contradictions, p. 65)
From the literature on activity theory, it would appear almost certain that each in-
dividual’s activity is unique, because they have developed a unique set of experiences
and knowledge. These experiences will have shaped the identity of the individuals, and
their understanding of their needs and their agency and motives would differ accordingly.
Therefore, while individuals may appear to be engaged in the same activity, their actions
may differ as they seek to reach a similar object.
The community has an important impact on the individual. It is the community that
collectively dictates exchange value and reward; and use value is determined by the
individual’s interpretation of the worth of completing an action, which has an impact on
the community. This is notwithstanding the direct influences that the community has
on the activity itself: from providing support by dividing labour, to dictating rules.
Contradictions are the drivers of change in the activity. All contradictions start from
primary contradictions and may escalate. Contradictions need not be identified as “bad”
or “hindrances”; they provide the motivation needed to drive opportunities for learning.
3.3 Proposing a model for effective assessment
The theoretical framework provides a focus for the study and informs the methodology.
Viewing the use of computer-aided assessment at a university as a mediated activity
performed within a community of learners and teachers not only provides hypotheses for
what occurs during the activity, it also enables the researcher to select a methodology
to capture such characteristics.
However, the literature relating to assessment and to cultural-historical activity theory
identify similar patterns of learning that do not seem to have been linked explicitly in
the literature before.
Black and Wiliam (2012) attempted to link formative assessment with cultural historical
activity theory and noted:
“Most theoretical writings about pedagogy pay scant attention to assessment,
formative or summative, and although some argue that classroom assess-
ment is concerned with instruction rather than with pedagogy, this simply
re-defines the problem of incorporation, but does not solve it.” (Black &
Wiliam, 2012, p. 227)
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Black and Wiliam had been responding to Perrenoud (1998), who felt that the former
authors’ writing on formative assessment (Black & Wiliam, 1998) lacked a theoretical
framework from which to make their assertions on the effects on learning. Perrenoud
warned:
“Without a theoretical model of the mediations through which an interactive
situation influences cognition, and in particular the learning process, we can
observe thousands of situations without being able to draw any conclusions.”
(Perrenoud, 1998, p. 95)
While Black and Wiliam (2012) considered these mediations in more detail, there re-
mained features of Engeström’s (1987a) Expansive Learning model and wider assessment
literature that were not considered. Furthermore, the focus was on formative assessment:
a wider contemplation of assessment practice would identify why formative assessment
permits students to develop while other practices might not.
A particular feature of formative assessment, which did not gain significance in the
works of Black and Wiliam, is the opportunity for formative assessment to be part of
a learning cycle. They claimed that formative assessment was effective at promoting
pupils’ achievements (Black, 1998; Black & Wiliam, 1998), but these improvements were
not related to existing knowledge and continuous development.
An important part of ensuring that students improve is feedback, and that students are
able to interpret and use the feedback they are given. In earlier definitions of formative
assessment given by Black and Wiliam, the onus is on the teacher to give useful feedback
to the student. When this feedback is given to the student, the assessment is formative;
whether the student acts upon this feedback is not relevant to this definition.
Returning to Engeström and Foot (Table 3.3), there are contradictions that develop as
students identify gaps in their knowledge and understanding. They seek resolutions to
these contradictions by engaging in tasks that allow them to question, model, test and
respond to their previous learning. Resolving a contradiction and achieving a goal reveals
a new gap in knowledge, much as Tikhomirov (1988) suggested for goal formation.
Feedback is a necessary part of this cycle. There is a summative aspect to feedback,
insomuch that it informs the student whether the aims for learning have been met —
whether these aims have been set by the lecturer or the student. However, there is a
formative aspect that informs the student of the way to next proceed (Sadler, 1989).
However, the definition for formative assessment offered by Black and Wiliam (2012)
overlooked the need for students to demonstrate that they have learned from the feedback
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Participant
Setting
goals
Assessment
to test goals
Feedback
Achieving
goals
Re-attempt assessment
Review goals
Set new goals
Figure 3.6: Adding assessment and feedback to the learning cycle.
they have obtained. From a CHAT perspective, assessment may be viewed as a tool for
establishing whether a student has learned. It may be argued that feedback is wasted if
students are not given the opportunity to, subsequently, demonstrate their learning.
Since assessment is a tool in the activity of learning, it has the purpose of mediating
the journey towards a learning goal. This implies a summative function since it appears
to be an assessment of learning, rather than assessment for learning with a formative
purpose (Wiliam, 2011). Such assessment is construed to be the end of learning (Yorke,
2003), which is somewhat contrary to the cyclic nature of learning proposed previously.
Moreover, one of the criticisms of the divergent definitions for formative assessment is
that it is not clear what should follow such an assessment. A simple learning cycle (Figure
3.3) suggests that, ideally, learners achieve their learning goals and move on to more
challenging learning goals. This implies that the assessment must relate to the learning
goals. Assessment must, therefore, give feedback in relation to the participants’ learning
goals: it must inform the participant whether they achieved their learning goals or not
(the summative function) and give cues for the participant to progress (the formative
function). This model can be visualised in Figure 3.6.
A consequence of this model of effective assessment is that lecturers learn from assessment
in a similar way. Black and Wiliam (2012) referred to teachers using what they have
learned from an assessment to adapt their teaching. Similarly, lecturers learn about their
students — and about the assessment tool itself — by assessing their students.
Indeed, lecturers and students operate in a community in the activity of learning and
assessment. There is a division of labour throughout the learning process where roles
change and develop over time. The student might need substantial input from the
expert teacher to form appropriate learning goals in the first instance, but may develop
sufficient autonomy and self-regulation skills in time to develop more individual learning
goals. Similarly, the expert often designs assessment and feedback opportunities for
students until they are sufficiently knowledgeable to be able to peer- and self-assess. The
influences of the community and the division of labour are demonstrated in Figure 3.7.
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goals
Assessment
to test goals
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goals
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Re-attempt assessment
Review goals
Set new goals
Figure 3.7: The model for effective assessment
This model is an idealised view of the learning process: clearly it is not always the
case that assessment is appropriate for both the student and the lecturer and what they
wish to achieve in the assessment. It is also apparent that the feedback given might be
insufficient for the student to determine whether they have achieved their learning goals
or not; and it might not be clear from the feedback what the “next steps” are.
Therefore, the model suggests that an assessment is still effective while the participant
is able to progress along the paths in the diagram. Consequently, when an individual is
unable to progress, the assessment is no longer effective. Assessment, like any activity,
is an exchange between the subject and the object: regarding the activity as a success
depends both on the subject’s agency and the nature of the object. Thus effectiveness
is determined on an individual basis and success can neither be determined in absolute
terms nor generalised.
The assessment and CHAT literature informed this ideal model for assessment, and de-
scribes when an assessment is effective and no longer effective. This raises the question of
the scope of effectiveness for CAA: the model suggests that, given individuals have their
own goals for assessment, each individual will have their own scope for effectiveness of
CAA. However, there may remain discord between the student’s goals for assessment and
what the community values. For example, while the student may be aiming to achieve
a particular score in assessment, the lecturer may desire to gauge the student’s under-
standing of a particular concept — in which case, the student’s goal may be achieved
while the lecturer’s goal is not.
This chapter explored cultural-historical activity theory as a theoretical framework for
the use of CAA as a tool in the activity of assessing student knowledge. It suggested
that learning is cyclic, but individuals have their own aims for learning, which develop
from an individual’s identity, history, culture and their community. It culminated in a
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model for describing the scope of effectiveness of an assessment tool with respect to both
student and lecturer.
It informed the methodology, which must capture the identity, community, motives and
goals, actions and responses for individuals that participate in computer-aided assess-
ment. The following chapter describes how the methodology was designed to record data
on these aspects of the activity of learning and how the model would be used to find the
scope of effectiveness of CAA for the individuals using it.
Chapter 4
Methodology
The purpose of this chapter is to discuss the requirements of the methodology, imposed
by the research questions and the theoretical framework, and the reasoned selection of
appropriate methods. It concludes with a description of the techniques used for data
collection and how the analysis was performed. The research questions for this research
project are as follows.
RQ1. What makes an assessment “effective”?
RQ2. Under what conditions is the CAA system an effective assessment?
RQ3. What would make the CAA system more effective as an assessment tool?
The selection of an appropriate methodology for this project followed from the belief
that the interpretative paradigm is most compatible with the theoretical framework.
Activity theory holds that all activity is purposeful, as does the interpretative paradigm
(Schwandt, 2000). Consequently, in order to understand the activity, the researcher must
be in a position to understand the context and meaning behind the action.
Cultural-historical activity theory emphasises the roles that both the individual and the
community have in activity: an individual subject acts within the context of that com-
munity (Engeström, 2001; Sannino, 2011). That is, by understanding the community
context one can interpret the actions of an individual. Furthermore, by acquiring a col-
lection of images of individuals’ actions, one can obtain insight of the collective activity.
The model of effective assessment proposed in Chapter 3 (p. 68) highlights the social
nature of learning and the individual pathways of each subject in the activity of learning.
Therefore, individuals have their own goals when performing any learning action; and
their path towards reaching that learning goal, using the assessment tool to verify the
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success of that learning, is also unique. Therefore, it is entirely reasonable to expect
that there is no single optimal way to use computer-aided assessment. There may be
certain characteristics of computer-aided assessment practice that suit some students
rather than others, for example. In which case, it might be detrimental to some (yet
helpful for others) to recommend a set of practices (Farnsworth, 2013).
Through this project, the methods seek to develop a greater appreciation of individual
users’ motivations when using computer-aided assessment and how these motivations
shape how they use CAA. This is in alignment with the interpretative research paradigm.
The findings of this kind of research then ought to “serve as a paradigm or exemplar,
illustrative of something much more general” (Ernest, 1997, p. 25). That is, the outcome
of this project is a case study and an evaluation of the CAA system used at this particular
institution.
4.1 A case study approach
Ernest (1997, p. 25) stated, “One of the special features of the interpretative research
paradigm is its use of case study”. Merriam (2014, p. 40) defined a case study as “in-depth
description and analysis of a bounded system”. That is, the unit of analysis defines the
case study and it is from this unit of analysis that the methods are chosen.
Citing Yin (2013), Merriam (2014, p. 43) argued that “case study is a design particularly
suited to situations in which it is impossible to separate the phenomenon’s variables
from the context”. In the case of the individuals using computer-aided assessments, this
is evident:
• The content of the CAA system’s question banks is unique to the institution;
• The theoretical framework states that the circumstances and histories in which an
individual acts has an effect on an individual’s perception of their needs and they
act accordingly;
• The model for effective assessment suggests that an individual’s goals are a unique
interpretation of their need to succeed in the society and culture that surrounds
them; thereby their approach to assessment is unique.
Thus there is no possibility of separating the students’ and lecturers’ activity from the
sociocultural circumstances in which they are found. A case study approach allows for
the reporting of these circumstances alongside the actions that the individuals have made.
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There are strengths and limitations to using a case study approach. Case study provides
a useful starting position for new research, examining social units in context — for all
their complexity and the number of variables — and reporting these complexities in
their entirety. They describe contextualised situations in great detail and do not seek to
represent a general case (Merriam, 1998).
However, the argument that case study is too specific to be of any great value overlooks
the reasoning for using case study in the first instance. Merriam argued:
“. . . single cases, experiments and experiences of Galileo, Newton, Einstein,
Bohr, Darwin, Marx and Freud, . . . point that both human and natural sci-
ences can be advanced by a single case.” (Merriam, 2014, p. 54)
Nonetheless, the effect of this limitation can be reduced by making several case studies.
Similarities that exist between the case studies provide the basis for establishing patterns
and hypotheses that may be tested with different methodologies in subsequent studies.
Yin (2010) referred to this practice as “analytic generalisation”. Since case study provides
a rich, holistic account of existing practice and does not involve testing hypotheses, it
is useful as an approach to a context in which the problems may not be immediately
apparent.
This was the case for evaluating the CAA system. There had been anecdotes shared
between lecturers — and, possibly, between students — about the CAA system and how
it is used. These informal anecdotes created some concern about how some individuals
used the system, which gave rise to the need to evaluate how it is used. However, these
anecdotes gave suggestions of the behaviour of a minority of students and little about
the activity of the lecturers; there was no basis for generating hypotheses prior to the
study. Therefore a case study approach created a point of entry to the evaluation.
Merriam (2014) noted that there had been criticisms of the reliability, validity and gen-
eralisability of case study research, due to the role of the researcher. The researcher is
regarded as subjective and, therefore, potentially biased in the analysis and reporting of
the data. However, to counter this argument, Merriam noted that case studies are less
discriminatory in what is reported and they do not attempt to simplify the complexities
of the context.
As for the researcher, Merriam made the following observation.
“Qualitative case studies are limited . . . by the sensitivity and integrity of the
investigator. The researcher is the primary instrument of data collection and
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analysis. . . . But training in observation and interviewing, though necessary,
is not readily available to aspiring case study researchers. Nor are there
guidelines in constructing the final report. The investigator is left to rely on
his or her own instincts and abilities throughout most of this research effort.”
(Merriam, 2014, p. 52)
While it has been the experience of the author that training does exist in this method-
ology, such in-house training is not always readily available elsewhere. The author also
argues that it is impractical for many research students to practise designing, conducting
and analysing for case studies beyond the scope of their main research project. Therefore,
the main research project constitutes the primary source of development and practice of
this approach, though feedback is available through conferences, workshops and discus-
sions with other researchers.
While Merriam argued that researchers are “left to [their] own instincts and abilities”,
the presence of theoretical training and diligent use of methodology literature ought
to provide adequate preparation for the use of a case study approach. Consequently,
choosing and employing methods for a case study approach requires similarly careful
reading and preparation.
4.2 Choosing methods
Choosing to perform a case study does not immediately yield a set of methods or proce-
dures to be followed in order to conduct a study: “[it] is not a methodological choice but
a choice of what is to be studied” (Stake, 2000, p. 435).
Merriam suggested that there are three main methods of data collection techniques in
case study design: interviews, observations, and document data mining. The choice of
methods from these options is informed by the literature, the theoretical framework and
the research questions; but there are other considerations and constraints, such as time
and cost.
Nonetheless, “in education if not in most applied fields, interviewing is the most common
form of data collection in qualitative studies. In some studies, it is the only source of
data” (Merriam, 2014, p. 86, emphasis in original).
The artefacts produced by CAA testing could be considered documents that could be
mined for data. While these documents give some idea of the actions of the lecturers
and students, the context of these actions and the details of these actions themselves are
not recorded by the CAA system. It was possible to obtain data relating to the length
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of time students spent on practice tests and the number of practice tests attempted, for
example; likewise, data on the location and times that these tests were attempted were
also available. On reflection, the author believes that there could have been some value
in obtaining such data in relation to the case study participants. However, there were
two concerns that precluded the pursuance of these data.
The main concern was that it was not a straightforward task to isolate individuals’ CAA
activity from the system log files. Indeed, it transpired to be sufficiently difficult to
obtain raw CAA summative test scores for cohorts to be discouraged from doing so. A
request for individuals’ data would have taken a significant amount of an administrator’s
time. There was also an ethical concern about obtaining an individual’s data — it would
have had to be with the participant’s permission, and this might have had an effect on
the recruitment of participants. Given that there transpired to be some difficulty with
attracting participants, this was a risk that was not worth taking.
Having ruled out using artefacts from CAA testing, observations were also deemed to be
unsuitable for this study.
4.2.1 Ruling out observations
Observations would appear most compatible with the theoretical framework. Kaptelinin
and Nardi (2006, p. 31, emphasis added) stated:
“Activity theory maintains that no properties of the subject and the object
exist before and beyond activities (e.g. Leont’ev 1978). These properties do
not just manifest themselves in various circumstances; they truly exist only
in activities when being enacted.”
Jonassen and Rohrer-Murphy (1999, p. 68) argued this case: “first and foremost, whatever
the focus, the activity must be studied in real-life practice with researchers as active
participants in the process”. Kuutti, Iacucci, and Iacucci further underline why active
participation is important:
“One of the epistemological formulations in activity theory has been devel-
oped by V. V. Davydov, who separates empirical and substantial generalisa-
tions in the following way. Empirical generalisations are based on external
observation and they are formulated by classifying and naming observable
features into groups that are similar in some respect. The significance and
relations between these classes are difficult to identify and uncertain, and the
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generalisations themselves are static and lifeless. Substantial generalisations
must be based instead on purposeful interactions with the material to be
studied. Only in such interactions the hidden connections, dynamics and re-
sistance will reveal themselves. Substantial generalisations are thus systemic
and dynamic, and further actions can be based upon them.” (Kuutti et al.,
2002, p. 97, emphases in original)
However, there are practical and ethical challenges to using observations in such a study
where there are human participants undertaking a task that has long term implications
on their success when they are either studying at or working for a university.
How students use computer-aided assessment is one focus of the project. For a simple
observation to be possible, the researcher would need to know where and when students
use computer-aided assessments. However, since all students are permitted to access the
practice tests at times and locations of their choosing, this would require the researcher
to be a participant in the social setting. From ethical and practical perspectives, this is
not acceptable. Students may undertake these tests spontaneously, at any time of day
or night, with others or on their own, and in locations not accessible to the researcher.
There is also a problem with regard to the reliability of the data collected. It is quite likely
that a student would modify their actions for the presence of a researcher, particularly if
they would normally engage in practices that would be considered plagiarism or in some
way contrary to expectation. Observations conducted without the student being aware
of the presence of the researcher may yield more reliable data, but would be ethically
and practically unacceptable.
Similar arguments apply to the lecturers’ case as they prepare CAA tests for students
or create new questions for the question bank. It is possible that lecturers might adjust
their practices if they were aware of the presence of an observing researcher, for example.
Given that observations would likely be obtrusive and would manipulate the actions of
both students and lecturers, they were not suitable methods for this study. Although
some of the context and detail available in observations would be lost by using interviews
to collect data, interviews were less obtrusive than observations and offered the opportu-
nity to ask students and lecturers about their thoughts and past experiences with regard
to CAA.
While interviews would give the level of detail that a case study would require, the author
used questionnaires to gain a broad understanding of the society and culture in which
individuals were subjects in the activity of learning at university. The questionnaires
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were distributed to get an understanding of the population before interviewing a sample
of students and lecturers.
Students are the most numerous end-users of computer-aided assessment. Most students
will only ever see the front-end of the system in the test and practice areas. Yet, over the
course of one academic year, students’ experiences differ. These are, in part, explained
by the different practices they experience, but they also depend on their histories and
the culture of the social groups they have become immersed in.
The questionnaires sought to provide some context for their histories and the activity
while the interviews served to gain deeper insight into the perceptions and experiences
of a small selection of individuals in that population.
For lecturers, computer-aided assessment seems to offer an ideal solution to a common
problem. Students often need encouragement to work between lectures, and while as-
sessment offers this encouragement it can often be time-consuming. Computer-aided
assessment gives students both the motivation to obtain the marks that are on offer and
feedback for the work they do. The feedback is an important consideration — it would
be time-consuming to offer a similar feedback service if assessing “offline”.
This lecturer study considers how CAA might be effective for lecturers. It observes
the emergence of different practices of students and the reasons for this divergence. A
questionnaire on practices and opinions towards CAA was followed by interviews to
explore the reasons for these practices and opinions.
4.3 Questionnaires
Questionnaires are used to collect structured survey information, largely using closed
questioning to obtain easily classifiable data about the sample. The questionnaires in
this project were used to develop awareness and understanding of how CAA was used.
This awareness and understanding would then be used to inform the subsequent interview
studies.
The questionnaires were designed following advice from Cohen, Manion, and Morrison
(2013).
1. Decide the purposes/objectives of the questionnaire.
2. Decide the population and the sample (as questions about their charac-
teristics will need to be included on the questionnaire under ‘personal
details’).
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3. Generate the topics/constructs/concepts/issues to be addressed and data
required in order to meet the objectives of the research (this can be
done from literature, or a pre-pilot, for example, focus groups and semi-
structured interviews).
4. Decide on the kinds of measures/scales/questions/responses required.
5. Write the questionnaire items.
6. Check that each issue from (3) has been addressed, using several items
for each issue.
7. Pilot the questionnaire and refine items as a consequence.
8. Administer the final questionnaire.
(Cohen et al., 2013, p. 379)
The population was determined to be the first year mathematics and engineering cohorts
of students and the lecturers leading their modules. They were the primary users of the
CAA system. The questionnaire was intended at this time to represent the population
and, therefore, were distributed to every student and lecturer in this population.
Two questionnaires were designed to be distributed to the students: one at the start of
the academic year; and one in the middle of the second semester. The intention was to
identify any substantial changes in opinion and to capture experiences of using the CAA
system during the course of the year.
As Cohen et al. (2013, p. 377) explained, “Respondents cannot be coerced into completing
a questionnaire. They might be strongly encouraged, but the decision whether to become
involved and when to withdraw from the research is entirely theirs.” The questionnaires
to students were — aside from one cohort — distributed at the start of lectures, with
one delivered online since lecture time was not available. In each case, the option to
withdraw from the study or to opt out of the study was made clear on the questionnaire
and in communication beforehand.
The questionnaires were used as a point of reference when designing the interview proto-
cols. Therefore, closed questioning provided adequate data. The researcher’s supervisors
provided feedback for both student questionnaires and were piloted with a second year
group that were not part of the population considered for this project.
The questionnaires distributed to students (Appendix B), with 1,057 completed ques-
tionnaires received (688 from the first semester and 369 from the second semester). The
data were analysed using SPSS. The method for analysis was largely the production
of summary statistics and graphical representations of the data, with some comparison
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statistics between cohorts and between semesters from the 285 students that completed
both. While these figures did not contribute to the case study, the answers given by
the interviewed students in the questionnaire informed the design of the interviews that
followed.
The student questionnaire study highlighted differences between lecturers’ practices, sup-
ported by some anecdotal evidence in conversations with lecturers not involved in the
study. Students in earlier focus groups also raised the issue that their lecturers’ policies
on collaboration in CAA were not inherently clear (Broughton et al., 2011).
The objectives of the lecturer questionnaire were to gain lecturers’ professional judge-
ments of computer-aided assessment and to obtain the practices currently being used
in first-year mathematics and engineering modules at the target institution. Thus all
thirteen lecturers of the mathematics and engineering mathematics first-year modules
were approached to complete the questionnaire.
The questionnaire for lecturers covered several topics: the access that lecturers give
students to the practice tests and the summative tests; lecturers’ policy on collaboration
in CAA; what CAA tests of students; why lecturers use CAA; and what experience
lecturers have had in developing the CAA system.
Since the intention was to use the questionnaires as a point from which to conduct inter-
views, it was sufficient to ask closed questions with a view to eliciting further information
in the interviews. The questionnaire was presented to the researcher’s supervisors, who
use the CAA system with second year engineering students and offered suggestions for
improvement before the pilot. The pilot was conducted with PhD students to check for
errors and to ensure that the questions were clear.
The questionnaire (Appendix C) was presented to the thirteen lecturers that were leading
first year modules in mathematics and engineering. Three lecturers reported that they
did not use computer-aided assessment. Nine questionnaires were returned completed.
Their responses were used to inform the interview design.
4.4 Interviews
There is a precedence for using interviewing in higher education research, with cultural
historical activity theory, and in mathematics education research.
Anthony, Haigh, and Kane (2011) used interviews alongside a cultural-historical activity
theory framework in order to obtain data to understand the activity of induction for new
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secondary school teachers in New Zealand. In this study, 100 newly qualified teachers
participated in three interviews each, following a national survey.
The Transmaths projects (Black & Williams, 2013; Hernandez-Martinez, Williams, &
Farnsworth, 2011b; Hernandez-Martinez, 2016), which explored students’ transitions to
learning mathematics at university, used interviews as a means to collect data about
students’ experiences. They used cultural historical activity theory as a framework for
students’ activity and the notion of leading identity to model how students’ identities
are formed during their transition to university.
Solomon and Croft (2015) interviewed 15 second-year mathematics students about disil-
lusionment and disengagement with studying mathematics at undergraduate level. They
subsequently analysed the transcripts to answer their research questions.
These recent studies made use of interviewing to develop narratives for each individual.
These narratives delivered personal perspectives from individuals facing similar circum-
stances. From these interviews, the researchers identified those experiences that were
common and those that were unique. The unique perspectives provided more informa-
tion about the individual and how they acted under a particular set of circumstances;
the common perspectives yielded information necessary for the case study.
Cohen et al. (2013) suggested that researchers must plan sufficiently prior to conducting
an interview in order to avoid being the limiting factor for success. They identified seven
stages of the interviewing process that must be considered, which also encompasses the
considerations needed for the interviews themselves and the subsequent analysis. These
seven stages — thematising, designing, interviewing, transcribing, analysing, verifying
and reporting — are described here.
4.4.1 Thematising
The thematising stage of the interview planning process occurs at the beginning of a
project. Deciding to conduct interviews — or focus groups — stems from the aims of the
project, the theoretical framework and its perceived practical value. Interviews offered
the students the chance to explain the reasons behind their choices in the questionnaires
and to give a more detailed narrative of their experiences.
Interviews were chosen above other methods because they permit the researcher flexibility
in the data collection process: though a structure exists, an interviewer can deviate from
the scripted questions to acquire more detail. This is particularly useful as students
begin to talk in terms of behaviours and routines.
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The research questions seek the effectiveness of CAA in relation to students’ and lecturers’
goals. Therefore the interviews had to establish:
• what students aim to achieve;
• whether CAA helps them to achieve their goals;
• how they use CAA to achieve their goals.
While interviews were used in order to discuss the responses given in the questionnaire,
they also provided the opportunity to ask some further questions. The initial aim of
the interviews was to understand why students and lecturers used the CAA system in
the manner that they did, and how their practices developed while using it. Having
established the their practices, the interviews then sought to establish the extent to
which the CAA system was effective for their aims.
4.4.2 Designing
In designing interviews, Cohen et al. (2013) encouraged naming the variables that are to
be measured before designing the questions that will be put to the participants in order
to measure them.
They suggested that there are three types of question-answer items: the fixed-alternative,
the open-ended and the scale. In fixed-alternative items, participants are given a limited
number of given responses from which they choose the most appropriate answer for their
situation. This makes the coding of responses simpler; but respondents might not be so
readily ‘pigeon-holed’, particularly if they feel there is an alternative to the options given
that more suits them. As such, they are not so appropriate to engage participants in an
interview.
Open-ended items give the participant the freedom to express thoughts in the manner
of their choosing. However, it also gives licence for the respondent to reach multiple
conclusions — as they are not compelled to choose from a range of responses — and this
makes coding more difficult. To alleviate this problem, further questioning allowed the
interviewer to probe further and clarify issues that the respondents raised.
Scale items present respondents with a range of answers they can choose, indicating
agreement, rank, rating, and others. While this removes some of the coding problems
that open-ended questions present, it also has similar problems to those presented by the
fixed-alternatives. Therefore, scale items were not used in these interviews.
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4.4.3 Interviewing
During the interviewing stage, it is important that the atmosphere is conducive to putting
the respondents at ease in order to encourage the participants to give frank, open and
honest responses. Cohen et al. cited Kvale (1996, p. 147) when explaining the importance
of the interviewer for creating such an environment:
“Kvale adds that, as the researcher is the research instrument, the effective
interviewer is not only knowledgeable about the subject matter but is also
an expert in interaction and communication. The interviewer will need to
establish an appropriate atmosphere such that the participant can feel secure
to talk freely.” (Cohen et al., 2013, p. 422)
Cohen et al. (2013) continued to explain three elements that the interviewer should
consider when preparing for interviews.
The first is the cognitive preparation: that is, the interviewer should be sufficiently
familiar with the topic of discussion prior to attending the focus group or the interview.
The second aspect is the ethical one. The respondents must be reassured that their
identities and data are treated in a secure manner.
Thirdly, the interview dynamic must be considered. Although the interviewer has control
of the interview, he or she must ensure that this control does not have an overbearing
influence on the interview. Whyte (1982) devised a scale of the “directiveness” of the
interviewer when responding to an interviewee, to which Kvale (1996, p. 135) added “si-
lence”. There were occasions in the interviews where silence encouraged the participants
to elaborate on or continue with their responses. Cohen et al. (2013) suggested that it is
not necessary to feel bound to be directive or not directive over the course of the whole
interview. Although abruptness may deter an interviewee, on some occasions it may be
necessary to change the approach in order to get specific information or to help with
later coding.
The students had earlier completed questionnaires on the subject of their experiences us-
ing CAA. These questionnaires offered some insight into students’ behaviours, insomuch
that they confirmed that some students were making more use of tools and resources
— such as textbooks, notes, the mathematics support centre — but little detail was
obtained on why and how they used these resources. The questionnaires provided some
background information that informed the design of the interview protocol and helped
with classifying students for sampling.
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What students aim to achieve Whether CAA helps them to
achieve their goals
How they use CAA to achieve
their goals
Students’ attitudes towards
learning and university life,
and other aspects they describe
about their identity
The degree to which CAA sup-
ports the aims of the student and
whether the student feels that
CAA is effective
Students’ CAA routines, includ-
ing any methods, supporting ma-
terials or techniques that help
with CAA
Changes in students’ perceptions
during the course of the aca-
demic year
Positive CAA experiences Attitudes towards collaboration
or instances of collaboration that
students engage in
Negative CAA experiences
Table 4.1: Student interview themes identified from the questionnaires
The analysis of the questionnaires identified some key themes to explore in the interviews;
Table 4.1 lists these themes under the three key questions posed in the Thematising
section (p. 82).
Each student participant was presented with a unique set of questions. These questions
were influenced by the responses given in the questionnaires. Each participant was
asked variations of the standard questions plus others, depending on their questionnaire
responses (Appendix D).
Emails were sent to the whole student cohort that took part in the questionnaire study
to invite students to take part in interviews. The invite included an offer of a small
monetary remuneration for inconvenience. Twenty students replied, from which ten
were invited. The ten students represented an appropriate variety of mathematics and
engineering students, and had all completed both questionnaires. Nine students were
invited to participate in interviews; one of the invited candidates withdrew from the
study.
The student interviews were conducted in one of the mathematics department buildings
and in the university library. The participants were reassured both in writing and ver-
bally, in person, that their data will be kept anonymously, confidentially and securely.
The environment was designed to be a relaxed, social encounter. The first question
helped to achieve this, but participants were also offered refreshments before starting
the interview.
For the lecturers, the questions were based upon the questionnaire that they had recently
completed. Each interview was tailored according to the questionnaire responses given.
The standard questions are given in Appendix E.
The interviews were all recorded using a mobile telephone device for enhanced sound
quality and portability.
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4.4.4 Transcribing
The problem with transcribing an audio record of the interview is the data loss: by its
nature it cannot capture non-verbal and visual communication between participants and
the interviewer. Because of this loss, a transcription as a data source should be used with
caution, as details given by non-verbal and visual means may be important in describing
the context in which the verbal communication was made (Cohen et al., 2013).
In addition, transcribing needs to be faithful to the proceedings of the focus group or
interview. Cohen et al. (2013) suggested that a moderator could summarise responses
during an interview, but this too is a subjective view, and it is not always possible to
capture non-verbal and visual communication. In any case, an audio recording captures
much of the verbal communication.
In order to maximise the reliability and validity of the interview studies, several consid-
erations were made in the design and analysis of the interviews in accordance with the
advice given by Cohen et al. (2013).
• The participants were invited to take part in the studies at times of the year when
they were least inconvenienced.
• The audio files were created on a mobile telephone device to obtain clear voice
recordings. They were sent to a professional transcriber to transcribe.
• A single, professional transcriber produced transcripts for the interviews to min-
imise errors.
• The researcher coded the transcriptions consistently according to the research ques-
tions, the nodes of Engeström’s triangle, and to the learning cycle model of effective
assessment.
The transcripts were coded in three ways:
• with respect to the nodes of Engeström’s activity triangle;
• with respect to the nodes of the learning cycle model for effective assessment;
• with respect to the research questions.
Each unit of speech in the transcripts that carried meaning relevant to the variables were
coded. These codes, and their corresponding quotes, were used to develop profiles of the
students, the lecturers, and their activity.
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4.4.5 Analysing
Cohen et al. (2013) argued that, since the relationship between the interviewer and the
research is unique, the analysis of the data is unique to the researcher:
“In qualitative data the data analysis here is almost inevitably interpretive,
hence the data analysis is less a completely accurate representation (as in
the numerical, positivist tradition) but more of a reflexive, reactive interac-
tion between the researcher and the decontextualized data that are already
interpretations of a social encounter.” (Cohen et al., 2013, p. 427)
Analysis was performed by coding units of speech that were deemed to carry meaning
relating to the research questions, the nodes of Engeström’s triangle and the model
for effective assessment. In the analysis, these codes were used to develop profiles of
the individual students, constructing a narrative from the coded items. This narrative
describes the students’ actions and use of CAA, describing student activity in terms
of CHAT; the learning cycle model for effective assessment was then applied to these
narratives to determine where the CAA had been effective for the student and the point
at which the effectiveness ended.
4.4.6 Verifying
The verifying stage in the interviewing process requires examining the entire process for
validity, reliability and generalisability.
In both quantitative and qualitative methods, it is impossible to achieve unequivocal
validity. In quantitative approaches, one has to acknowledge standard error; in quali-
tative research, researchers and participants are necessarily subjective and so there will
inevitably be some trace of bias. Instead, the researcher seeks to minimise invalidity and
maximise validity.
However, the meaning of what it is to be valid is contested in Cohen et al. (2013). While
some argue that the researcher, as the prominent and most immersive research tool in
the process, can sufficiently validate the research, others argue that the subjectivity of
the researcher makes interpretation fallible to bias. Interviews are, then, regarded as a
co-construction between the interviewer and the participant (e.g. Mann, 2011). Thus
further guarantees should be made to defend the validity of such interpretations.
Cohen et al. (2013) discussed how reliability can be achieved in qualitative research.
They suggest the replication that quantitative methods strive for is not what is desired
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in qualitative methods. Since a naturalistic approach observes a unique situation, one
cannot expect observations to replicate. One might, however, expect that some sort
of replication of an observation might be achieved by changing the researcher, or by
focussing on different phenomena during the observation, or by changing the time or
place of the observation.
In order to reduce bias and maximise validity, the interviews were prepared and con-
ducted to follow the advice given by Cohen et al. (2013).
• A pilot interview with a lecturer of a second year module was used to test the effec-
tiveness of the interview protocol and to obtain feedback for interview techniques.
• Students were invited to participate shortly after the Easter vacation and in good
time before the summer examinations to ensure that students still had CAA in
mind and that they would not be distracted by revision.
• The interviews were recorded on a mobile telephone device for enhanced sound
quality.
• The audio files were submitted to the transcriber shortly after the interviews had
been conducted. The interviewer verified the transcriptions.
• The transcriptions were coded in a consistent manner by the same interviewer.
• The participants were given the opportunity to provide further comments at the
end of the interview.
• The researcher used the information acquired from the questionnaires to inform
the design and delivery of the questions in the interviews.
• Although each interview was tailored according to the questionnaire responses, the
structure of the questions and their order in the interviews were consistent.
Cohen et al. (2013) suggested that minimising bias is the most effective way of ensuring
reliability in interview situations. They suggest that certain factors should be carefully
considered so that bias performs a minimal role in influencing the outcomes of a focus
group or interview. Leading questions can influence how a participant responds. There is
also the perception of power; although either interviewer or participant may take power
in the focus group, it is the responsibility of the interviewer to diminish the asymmetry
of power. Structuring questions and building a rapport with the participants can help
maintain a “power balance”.
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Using Kvale’s (1996) advice for an effective interviewer, the researcher had developed
thorough knowledge of the CAA system from the perspectives of the students, the lec-
turers, the developers and the administrators. During the interview, the researcher made
notes to refer to when recollecting an earlier point to seek clarification or elaboration.
4.4.7 Reporting
The reporting stage should also reflect the study fairly. This requires the report to be
transparent and detailed so that a reader is able to judge the fairness of the study.
The final stage of the planning process is the production of a report. In qualitative
reporting, quoted items from the transcription should support points in the text; be
accompanied with interpretation and explanation; be exemplar quotes that support the
point made; indicate how they have been edited; and be incorporated within the natural
flow and style of the report (Kvale, 1996).
For this report, there were specific questions that the interviews sought to answer about
the students and lecturers in the study. The theoretical framework indicated the individ-
uality of the participants and their actions in the study, thus each participant’s interview
transcripts were analysed separately and reported separately. These separate analyses
were used to develop collective analyses for the students (Appendix G, p. 183) and for
the lecturers (Appendix H, p. 220), which emphasised the commonalities and differences
in the participants’ responses. The research questions were answered using this combined
analysis.
4.5 Summary
This chapter described the process for deciding the methodology and the methods used
for collecting data.
The choice to use a case study methodology for this project followed from the selection
of the theoretical framework, the research paradigm and the context of the study. The
case study approach itself did not identify the methods of data collection that should be
used; rather the use of interviews provided the opportunity to elicit details that would
not be available from questionnaires, observations or data-mining.
Questionnaires were used as a means to understand the context of the use of the CAA
system among the population, however. Students and lecturers were both approached
to answer largely closed questioning to provide this information.
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The sample of students and lecturers that participated in the interview study were not
necessarily a representation of the population. However, interviewing several individuals
enabled the emergence of common themes and disparate themes among the participants.
These themes would enable common causes for the CAA system to cease becoming
effective and to identify practices that allow the system to remain effective for longer.
The following chapter describes the analysis of the data collected from these methods.
Chapter 5
Analysis
The purpose of this chapter is to present the findings from the questionnaires and inter-
views conducted with students and lecturers. The nine students and six lecturers, from
across the engineering and mathematics departments at the institution, formed a case
study of the users of the computer-aided assessment (CAA) system. This case study
answers the following research questions.
RQ1. What makes an assessment “effective”?
RQ2. Under what conditions is the CAA system an effective assessment?
RQ3. What would make the CAA system more effective as an assessment tool?
The analysis begins with the student study. As described in the Methodology chapter
(Chapter 4), questionnaires were distributed to first year students in the seven engi-
neering departments and the mathematics department. A brief analysis of the student
questionnaire responses (Appendix F, p. 172) demonstrated that students had different
experiences and views of the CAA tests, and had different aims.
Nine students were interviewed for this case study. Each of these interviews was analysed
individually with respect to the research questions, with respect to the activity system,
and with respect to the model for effective assessment. This chapter includes a synthesis
of these analyses in order to answer the research questions.
The lecturer study included a questionnaire, to collect lecturers’ practices with respect
to CAA, and interviews with six lecturers, to answer the research questions with respect
to the lecturers. This chapter includes a synthesis of the individual interview analyses.
91
Chapter 5 Analysis 92
5.1 The student study
The overarching aim of this study was to ascertain how effective the computer-aided
assessment (CAA) system used at the studied institution was for the students that were
using the system. In the target institution, every first year student in the mathematics
and engineering departments was expected to use the practice tests offered by the system
in order to prepare for summative tests, which were conducted either online using the
same system or on paper.
The cultural-historical activity theoretical (CHAT) approach to framing the development
of knowledge and understanding, with the constructs that comprise the model for effective
assessment, indicate the need to discover how the students approached the CAA tests
and the influences on the actions that students take.
The Methodology chapter explained the importance of interviews in gaining such insights:
the transcripts of several students’ interviews provided a detailed account of their activity
and offered the opportunity to study similarities and contrasts between their approaches.
5.1.1 Student questionnaires
Students that were in their first year of mathematics and engineering degree studies at
the studied institution were approached with two questionnaires. These questionnaires
provided some background information about the students’ prior experiences of being
assessed online (Appendix B.1, p. 160) and then their experiences of CAA at the studied
institution at the end of their first year of study (Appendix B.2, p. 163).
In total, 285 students completed both questionnaires. Table 5.1 shows the number of
students from each of the mathematics and engineering schools completed both question-
naires. Nine of the students that had completed both questionnaires were invited to take
part in individual interviews. The recruitment of a sample that reflected the population
was hampered by a low response to the invitation to participate in interviews, despite
the offer of inconvenience payments. The distribution of interview participants is also
described in Table 5.1.
A more detailed analysis of the student questionnaire study is given in Appendix F
(p. 172). The questionnaires gave some insights into the views of the students towards
the CAA tests.
• Students tended to find the CAA tests straightforward.
• The tests did not offer as much feedback as many students would have liked.
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Subject Number eligible Number participated
Engineering Department A 57 3
Engineering Department B 37 0
Engineering Department C 3 0
Engineering Department D 31 0
Engineering Department E 15 1
Engineering Department F 43 0
Engineering Department G 9 1
Mathematics 90 4
Table 5.1: A breakdown of the students that completed both questionnaires and those
that took part in interviews.
• Many students used the practice tests to improve their test scores, and many
used these practice tests until they had achieved the score they would like in the
summative test.
• Some felt that coursework was a better test of their conceptual understanding than
CAA testing.
• Students appeared to be less-inclined towards collaborative working on practice
tests than they would in other assessments.
• Not all students aligned with these views and offered contrasting perspectives.
These findings offered an impression of the conditions of the CAA testing activity, and of
the prevailing attitudes towards the CAA tests. The students appeared to be relatively
satisfied with the CAA testing system, but felt that the system lacked the efficacy to
offer the level of feedback they desired or the level of challenge they would expect.
However, examining individual students’ responses in each questionnaire gave a more
detailed perspective of each student’s activity when performing CAA tests. These proved
useful in the design of individualised interview questions: the interviews built upon the
information acquired in the questionnaires to understand the students’ identities, aims
and actions.
5.1.2 Student interviews
The analysis of the student interviews involved establishing the students’ identities, their
aims and their actions, before using the students’ exposition of their practice to identify
to what extent the CAA tests were effective assessments for them.
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Subject
Alpha
Object
Start a successful ca-
reer in mathematics
Tools
CAA
Lecture notes
Support centre
Rules
Plagiarism rules
Concept of cheating Community
Colleagues on the same
course
Division of labour
CAA provides feedback
Colleagues provide feedback
Outcome
Wanted to achieve 100% in
CAA tests
Figure 5.1: Alpha was largely satisfied that the CAA tests helped her to get the
outcome she aimed for. However, she also felt that the system did not always help to
identify her weaknesses.
For brevity, the thesis contains one case study from the student interviews to exemplify
how the analysis was performed. The nine interviews identified commonalities and dif-
ferences between students and their approaches to the CAA tests. They are presented
first in sections describing the students’ identities, their aims and their actions. Using
the case studies in Appendix G (p. 183), the research questions are addressed in turn
using the students’ perspectives.
Student case study
Identity and Aims Alpha was a student from the Mathematics Department aiming
for an upper second class degree classification (a 2:1). She wanted to embark on a
career in mathematics research after completing her course and, therefore, considered the
mathematical content on her course to be very important. She considered understanding
concepts to be important; however, she also appeared to believe that achieving a high
score in CAA tests indicated an adequate understanding.
During the first year, Alpha found her studies to be “a little bit harder” than expected,
but suggested that it had a positive effect on her determination. It is clear from several
parts of the interview that Alpha viewed marks from assignments as indicators of success
and performance; and her pursuit of marks was a means of demonstrating the progress
that was expected of her.
However, Alpha believed that CAA testing was a contradiction, somewhat, to other
assessment in this regard. She noted that they did not always perform well as waypoints
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for measuring success: she said that CAA tests had not “been the best way to tell you
how you’re doing, or even to properly test you”.
Indeed, Alpha felt that CAA did not sufficiently test students’ understanding of under-
lying concepts, saying, “I think if the questions for the online test were more about you
having to understand certain things and certain concepts, as opposed to just putting
numbers into a formula that you find, . . . I think that would be more helpful.”
From her interview, it is clear that Alpha’s aims for the CAA tests was to achieve full
marks. She said, “I aim for getting 100% on things like that — just because, why
shouldn’t I?” Within her mathematics community, Alpha believed it was a commonly-
held view that this was achievable, suggesting, “there’s a general consensus that with
[CAA], it’s meant to be easier to get higher marks”, noting the “so much feedback”,
ample time and opportunity to practise as reasons for this belief.
External influences Alpha talked fondly about the collaboration and support that
her colleagues offered to each other. Talking to colleagues in the same course, Alpha
discussed her difficulty with grasping proofs and found this to be a widespread problem
and there were occasions when students found aspects of the CAA tests difficult.
The library appeared to be a common meeting area for the Mathematics Department
students, particular during CAA testing. Alpha had been asked for help while doing
practice tests in the library. Alpha had also collaborated with a friend, another student
on the same course, and believed that this was part of a supportive and helpful student
community. She said, “I know that we try to help each other. At least, with my friends,
we try to help each other with explaining things.”
However, while saying that collaboration during the summative testing phase was “cheat-
ing”, Alpha had been approached by students to provide assistance. She said, “What was
the point, because they’ve got it now in two minutes? They’ve been watching TV while
I’ve been sorting this out.”
While discussing her place in the department in relation to her studies, Alpha presented
herself as a student that sought independence and wished to avoid resorting to support
where possible. She was aware of the specialist mathematics support unit at the in-
stitution and that some of her colleagues had attended but she had not. Furthermore,
she said that she was initially reluctant to work with other students; only recently had
she started working with a friend on the CAA tests. On support from lecturers, she
had noted that “most of them are more than happy to spend an hour helping you” and
found this surprising, adding, “I found that some of the lecturers have actually been more
helpful than you’re led to believe about to do everything on your own.”
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From her actions and what they said in the interview, Alpha conveyed a willingness to
be somewhat independent of her peers and support services but open to engaging with
her lecturers.
Learning Cycles As shown in these learning cycles diagrams (Figure ??), Alpha con-
centrated on the questions she answered incorrectly in the first instance, working with a
colleague more recently and compiling notes that would also assist her in the summative
test. Her aim for the practice test phase was to ensure that she was able to answer every
question correctly before proceeding to the summative test. In this phase, Alpha used
her lecture notes and printed versions of the CAA test as well as a colleague to discuss
the feedback with someone. This enabled a continuous cycle of repressing the practice
tests and addressing only those questions she had answered incorrectly in the previous
test. During the practice test, therefore, Alpha felt she was able to continue on the
learning cycle.
However, it is important to note that Alpha placed great importance on conceptual
understanding and in ensuring that she was able to carry out procedures without error.
Alpha felt that CAA was weak in terms of testing the grasp of concepts — and, therefore,
was not effective with regard to this aim — but was effective for refining her procedural
capabilities by virtue of the comprehensive feedback offered by the CAA system. Indeed,
Alpha had used a technique to obtain feedback from the system that was not wholly
intended in its design.
“If there’s a question we don’t get. . . we go through and answer with ridiculous an-
swers. . . They all come back ‘wrong’ and you get the feedback for them all.”
Alpha suggested that using this technique was a ‘last resort’ if she could not indepen-
dently discover how to approach the question. Indeed, Alpha was somewhat dissatisfied
that other students used this technique. She said, “I do know of colleagues who just have
[this] method that they’ve written down; they just put the numbers in and then that
generates an answer. They haven’t really learned anything.”
The summative test, however, appears to highlight some subtle contradictions. Alpha
seemed to be satisfied when she achieved full marks, but dropping marks was a cause
for frustration. Alpha believed that the marks she received did not always reflect how
much she understood. This occurred when she answered a question incorrectly: some
questions were worth several marks and required more time and thought, but zero marks
would be awarded if the final answer was incorrect.
This would suggest that Alpha placed significant important on the marks she received
from the summative test, and for this phase obtaining full marks was her overriding aim.
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Make first
attempt
Note wrong
answers
Obtain
feedback
CAA
practice test
CAA
feedback
First attempt
made
Wrong
answers
noted
Feedback
obtained
Use feedback to model corrections
Feedback printout
(a) Alpha aimed to use the first attempt to establish which questions they cannot answer and
to print the feedback for these questions.
Concentrate
on questions
answered
incorrectly
CAA
practice
tests
CAA
feedback
All answers
correct
Achieve 100% in summative test
Concentrate on incorrect answers
Feedback printout,
peer influence, printed
notes, formula booklet
(b) Alpha used subsequent attempts at the practice test to concentrate on questions she had
answered incorrectly. She continued to use the practice tests until she could answer all the
questions correctly. Alpha wrote spontaneous notes using the feedback given by the CAA system
and these notes would inform Alpha’s future attempts at the questions.
Achieve
100% in the
summative
test
CAA
summative
test
CAA score Achieve 100%
Practice test notes
(c) Alpha aimed to achieve 100% in the summative test. She would use the spontaneous notes
made during the practice phase during the summative test period. Regardless whether Alpha
achieved her goal to achieve 100%, there appeared to be no further path on the learning cycle.
Figure 5.2: Learning cycles for Alpha
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Alpha seemed to believe that the summative test was not always effective for her aim:
she had diligently worked on practice tests to perfect her methods for answering the
question and her subsequent errors meant she was not awarded the marks she felt they
deserved.
Effectiveness of CAA As the diagram suggests, the learning cycle stops promptly
after the summative test. Alpha felt that the summative test served as a conclusion for
CAA and that topic: in particular, she was not motivated to examine the errors she
made in the summative test. However, it did spur her on in subsequent assessments; she
said, “If I get a lower mark. . . in the tests, it just makes me go, ‘Right, in the written
courseworks I’m going to do so much better’.”
It is also important to consider the contradiction between Alpha’s desire to be procedu-
rally adequate and to have a sound conceptual understanding of the topics being tested,
and her dependence on the CAA system. As a consequence of becoming acquainted with
the system and the techniques passed between colleagues, Alpha developed greater de-
pendence on the feedback that the system provides as a means to answer some questions.
Consequently, her development along the learning cycle lacked a progression towards au-
tonomy. This is, perhaps, a reason why Alpha did not progress further in a learning
cycle after the summative test; she did not possess the autonomy to diagnose her errors
from the feedback or construct new, more challenging learning goals.
The CAA system permitted Alpha to progress along the learning cycle during the practice
phase, but her dependence on the feedback and her perception of the importance of the
marks proved to be limiting factors for Alpha’s potential to continue on the learning
cycle beyond the summative test.
The student participants
The participants in the student study were self-selecting individuals that had taken both
questionnaires. It was intended to select a broadly stratified sample of students in order
to gain an impression of any similarities and differences between and within cohorts.
Although the self-selecting sample were not a perfect stratified sample, they offered a
reasonable distribution of ability and confidence, as well as their department affiliation.
The sample contained representations of four departments and all three categories for
degree classification aims.
The sample of nine students are not to be viewed as a representation of the entire
student cohort. Rather, they ought to be considered as exemplars. They reported no
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A B Γ ∆ E Z H Θ I
Studying towards a mathematics degree 3 3 3 3
Studying towards an engineering degree 3 3 3 3 3
Indicated high level of mathematical confidence 3 3 3 7 7
Possesses A Level Mathematics 3 7 7
Indicated fondness for mathematics 3 3
Table 5.2: Students’ relationships with mathematics — 3 indicates confirmation
during the interview, 7 indicates denial, blank indicates no references made during
interview
additional support needs or difficulties that would prove barriers to being able to use CAA
effectively. It is important to note that each student had different histories and identities
that would in part determine their activity: indeed, the model for effective assessment
attests to the individuality of the learning experience and some of the experiences and
influences that these students reported were individual. The issues and influences that
affected more than one student in this study offered insights into effects that might affect
a greater number of students in the cohort.
During the interviews, the students were asked broadly similar questions (Appendix D,
p. 170) relating to their aims, their course of study and their actions and views with regard
to CAA. The questions varied slightly between interviews to take into consideration the
responses the students gave in the questionnaires.
For the following analysis, the responses the students gave in the interviews have been
used to establish each of their paths in the learning cycle while undergoing CAA testing.
The students’ learning cycles are compared against those of their peers to establish
similarities and differences, with particular regard to their aims and motives, and the
departments in which they study.
This was achieved by coding the data with respect to the nodes in Engeström’s (1987)
triangular model of activity (48), to the nodes in the model for effective assessment, and
to the research questions. In order to preserve the anonymity of the participants, each
of the students has been assigned a name — which are letters of the Greek alphabet.
Students’ identities The questionnaires and interviews provided an overview of the
students’ mathematics qualifications, confidence and affinities. Table 5.2 shows that
all the interviewed students believed that understanding all the mathematics would be
important and all but one of the sample anticipated that mathematics would be impor-
tant to their future careers. The interviews identified distinguishing characteristics in
members of the sample.
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Epsilon, Zeta and Eta were from Engineering Department A and they expressed a high
level of confidence in mathematics, whereas Theta and Iota were in other engineering
departments and expressed a lack in confidence. Of the mathematics students, Alpha,
Beta and Gamma experienced some difficulty with their university course and found the
syllabus more challenging than expected.
The theoretical framework chapter referred to the notion of leading identity (Black et al.,
2009). It conceives identity as being multifaceted and comprising multiple identities that
sometimes complement and sometimes compete against each other. This was an addition
to Leont’ev’s (1981) concept of leading identity, which is the prevailing activity that a
subject acts within, despite also being associated with other activities. The dominant,
leading activity is the manifestation of a dominant leading identity: the activity that
prevails is the one most aligned to the subject’s leading identity.
Students are not just students — and this is evident from the interviews. Alpha wished to
pursue mathematics research for her career and, thus, becoming a mathematics researcher
was her leading identity. For Beta, a potential placement in Australia encouraged her to
achieve the best she could, though she did not have specific careers in mind. Her leading
identity was driven by the experiences she anticipated in her placement and her leading
activity was to do as well as she could in her studies to maximise the likelihood of being
able to go.
Gamma had multiple identities: he stated a desire to sample a breadth of university
experiences. While he identified as a mathematics student, he was also a volunteer
and charity fundraiser with the student union. There was insufficient evidence from the
interview that any of these identities would become a leading identity at times of conflict.
Delta was a joint honours student, studying mathematics and computer science, and
developed different identities as both mathematics student and computer science student.
She found that she did not enjoy her computer science modules and transferred to single
honours mathematics, which marked a significant deviation in the actions required to
fulfil the object of the activity to gain a degree.
Epsilon, like Gamma, had developed multiple identities at university; he was keen to
discover the social aspect in particular, joining some clubs and societies. He also identified
as an engineer, and this manifested in his view of mathematics: that it is important to
get the correct solution since the outcomes could prove dire “in real life” if incorrect. He
also had the motive to be a pilot and this dictated his choice of course and his path
through university life.
Theta had previously worked in a field related to the branch of engineering she was
studying and wanted to improve her employability. She related her identity to qualities
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that she observed in herself: most notably she regarded herself as being independent and
determined. These beliefs about herself had a notable influence on her activity, whereby
she would persist with the practice tests alone before contacting the mathematics support
centre.
Both Iota and Theta believed that their mathematical competence was below that of their
peers, and this deficit was subsumed into their identities. They both believed that they
had to work harder in order to keep pace with the rest of their cohorts and characterised
themselves as ‘underdogs’, though they did not use this term in the interviews. This was
somewhat similar to the findings of Reay and Wiliam (1999), who found that students
constructed identities from outcomes of assessment and limit their expectations for what
they can achieve.
As well as developing their identities as mathematics or engineering students, the par-
ticipants were also members of the wider university and most — if not all — would have
been living in halls of residence and away from home for the first time.
These identities are borne from different objects: students want to be successful in a
number of different ways. As well as achieving a target for their degree classification and
potential future career, they must navigate social success by forming new friendships. As
Gamma and Epsilon demonstrated, students arrive at university knowing that there are
many aspects of student life to explore. These activities and their respective identities
sometimes cause contradictions.
Students also bring identities with them to university (for example, Chiang & Schmida,
2002; Holdsworth, 2009) and these identities face challenges and transition as students
embark on the activity of studying at university. Indeed, many students find the tran-
sition to university to be a process of overcoming contradictions and surprises; these
experiences lead to developments in their identity (Hernandez-Martinez et al., 2011a).
Thus students’ identities form amid a complex amalgamation of their histories, interpre-
tations and new experiences. As they engage in new activity systems, they learn what
is valued in that culture. This is perhaps why students are keen to do well in assess-
ment, since students are awarded marks in exchange for good performance in assessment.
Consequently, individuals spend time performing rewarding actions. Brown, Bull, and
Pendlebury (2013, p. 7), for example, argued, “Assessment defines what students regard
as important, how they spend their time and how they come to see themselves as stu-
dents and then as graduates. Students take their cues from what is assessed rather than
from what lecturers assert is important.”
The importance of assessment and the potential impact on an individual’s identity as
a student is evident in the way the students discussed assessment and how assessment
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relates to their motives. Without exception, these students worked hard at the CAA tests
and used practice tests extensively in preparation for the summative test. Furthermore,
many of the participants related the CAA test scores to goals towards their motive to
obtain a desired degree classification.
It is embedded within the identities of some of those students interviewed to apply
themselves fully to the CAA tests. This is because they regarded their scores as reflections
of their identity: scores warranted marks which had an exchange value in terms of their
grade at the end of the module. These grades are perceived to be a determinant of what
the university judges to be a competent mathematician or engineer and a good student.
This can be observed particularly clearly in Theta’s case. She regarded herself as some-
what separate from many on the course because her aims were not the same as her peers
— she wished to pass while others wanted higher scores — and she largely worked on
her own:
“Usually they’ll have gone through it once and got 70%. They know how it’s
going to be. They know it’s going to be easy.” (Theta, emphasis added)
Theta was not the only case in which she compared her own identity to others based
upon their scores and grades. Iota described his identity in terms of being the best he
can:
“[I’m] a bit of an all-rounder, I think, really. I’m at university to get a degree,
to get the best degree [classification] I can possibly get. I’m in it for 100%
and everything. Less than that will be unacceptable.” (Iota)
Delta and Epsilon were also passionate in their belief that students “don’t deserve the
marks that [they’re] getting” (Epsilon) if they cheat or collaborate inappropriately. This
suggests that they felt that students were regarded by the marks they are awarded,
whether they are merited or not. Consequently, they felt that some students were re-
garded more highly — or themselves less highly — when others were getting more marks
than they should have “rightfully” been awarded.
It is of little surprise, then, that students related their aims in terms of their identity:
they wished to attain the marks that they felt befitted their value as mathematicians,
engineers and students.
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Students’ aims Although most of the students in the sample expressed some of the
difficulties they had during the first year, they had all set high targets for themselves
towards the end of the second semester — indeed, all but one student was aiming to
achieve a first class degree by the time the second questionnaire was distributed.
The interviews showed that asking about aims for a degree was important: five of the
nine students in the study suggested that their aims for the CAA tests were related to
the scores they required for their desired degree classification. The questionnaire data
suggested that there was no significant correlation between students’ aims for CAA scores
and their degree classifications (Appendix F, p. 172).
Some students — and most of the students in the interview study — related their short
term goals to their long term goals. The lack of correlation between students’ CAA score
aims and their degree aims does not necessarily mean that students do not generally
make this connection: the interview data explained that students believed they could
achieve higher scores in the CAA tests than in other assessments and viewed CAA as an
opportunity to ensure they had a portion of the marks prior to an assessment that may
have been a better test of their expectations for a degree classification.
A study reported by Reay and Wiliam (1999) suggested that students relate their future
success to assessment performance from a young age; performing badly in a test could
“ruin one’s chances” (Reay & Wiliam, 1999, p. 347). The children in the study, aged
ten and eleven years, developed identities of themselves and others according to assess-
ment and this, in turn, changed students’ expectations of their performances in future
assessments.
It may be a bold extrapolation to suggest that first year undergraduates develop identities
and aims in a similar way to primary school children. However, there are parallels
between the narratives in the Reay and Wiliam study and the experiences of the students
in this study. In particular, there were students that believed that collaboration in
a summative test was cheating and would not work with peers during the practice test
phase in anticipation of the summative test. They indicated that there was a transition to
“more individualised, competitive ways of working, which were increasingly displacing the
mutually supportive, collaborative group work to which the children were accustomed”
(Reay & Wiliam, 1999, p. 351). It may be that students’ compulsion to aim for scores
in CAA may be related to their earlier experiences in high-stakes testing where marks
and grades were associated with success.
The Reay and Wiliam study also showed that, even when the students perceived an
assessment to be a test of the teacher’s performance, the students viewed the results of
an assessment as being a reflection on themselves and thus wanted to achieve the best
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A B Γ ∆ E Z H Θ I
Aimed to answer every question correctly 3 3 3 3 3 3
Aimed to gain confidence 3 3 3
Aimed to obtain feedback from the CAA sys-
tem
3 3 3
Aimed for a particular mark 3
Aimed to gain awareness of current understand-
ing
3 3 3 3 3
Table 5.3: Students’ practice test aims
they could, particularly given the belief that performing poorly would have a significant
impact on their future success.
Students’ views on what makes an assessment effective
The model for effective assessment asserts that an assessment remains effective while it
satisfies the goals of the student. Furthermore, to remain being effective, students must
be able to progress onto more challenging learning goals and still find the assessment
useful with respect to these goals.
Between the questionnaires and the interviews, every student suggested a score they were
aiming for in the CAA summative test — whether it was conducted online or on paper.
Where students differed most greatly was in the aims for the practice test phase.
Two thirds of the students aimed to be able to answer all the practice test questions before
they embarked upon the summative test. Of the other three, one aimed to achieve 90%
and the other two — Theta and Iota — were aiming to become more confident.
Aims are important, since the goals that these students aim to achieve have a bearing
on the actions the students take. This is exemplified in Beta’s case. She had a new
motive in the second semester to acquire sufficient marks to be able to take a placement
year in another country. Because she had to acquire those marks, her aim in the second
semester was to achieve more in the summative test. She applied herself more in the
practice tests to maximise the likelihood of achieving her aim.
The points raised in this section, in addition to the assertion made by Brown et al. (2013)
that students take cues from assessment for forming their identities, suggest that these
students are also forming their goals to suit the assessment they are given. The students
also related success in terms of the marking criteria — whether this was achieving full
marks or passing the summative assessment.
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Consequently, this results in students setting aims in relation to the assessment, rather
than towards their learning. This was also observed by Entwistle and Marton (1994),
who noted that in revising for examinations:
“Some students sought to understand only the course material as presented
to them, while others, to differing degrees, explored the logical, theoretical,
and experiential aspects of the topics they studied.” (Entwistle & Marton,
1994, p. 166)
This affects the scope of the effectiveness of an assessment: if the student is contented
to set aims that relate only to the assessment, then there is little scope for developing
more challenging learning goals. Indeed, once a student has completed a summative
assessment, then the assessment tool would have little or no future use. For the CAA
system, students have the opportunity to track their progress through the marks that
they receive. These marks communicate a “person’s current status” (Brown et al., 2013,
p. 9); thus an improvement in the marks that students receive in the practice test sug-
gest an improvement in the student’s status. However, full marks may communicate a
completeness to the student’s status, and improvement is no longer possible.
Indeed, all nine students ceased using the CAA practice tests once the summative test
was completed — though some considered using them for revising for their exams. Only
one student, Eta, expressed a desire to further develop their understanding beyond the
summative test. He saw potential in the CAA tool to deliver questions that tested the
depth of his understanding — rather than just at the procedural level — but also felt that
time was a prohibiting factor for him to explore and test his conceptual understanding
elsewhere. Thus his aim was not feasibly possible.
This echoes a finding made by Henningsen and Stein (1997), suggesting that if students
are expected to complete a task in a minimal amount of time and are coerced into
finding a correct solution to a question, they resort to procedural rather than conceptual
understanding. They said:
“The factors most frequently judged to influence those tasks in which stu-
dents’ thinking processes declined into the use of procedures without connec-
tion to meaning or understanding were the removal of challenging aspects of
the tasks, shifts in focus from understanding to the correctness or complete-
ness of the answer, and inappropriate amounts of time allotted to the tasks.”
(Henningsen & Stein, 1997, p. 535)
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Therefore, for these students and, potentially, to the student culture more generally,
scores and marks pervade students’ aims for assessment. Thus, for an assessment to be
effective with respect to the students, it must be able to assist students in getting the
marks they desire. It should also aid students in forming new goals beyond the marks
once they have achieved this goal. The appropriateness of these goals is discussed later
in the conclusions of the student study (p. 116).
It is evident from the findings in Entwistle and Marton (1994) that it is not only in CAA
that students form specific goals related to assessment rather than learning. However:
“Certain questions did not seem to require personal understanding, simply the
reproduction of the lecturer’s understanding, while some students were quite
content to leave their understanding at this level.” (Entwistle & Marton,
1994, p. 163)
This implies that there is a potential problem in that students may seek to mimic the
understanding of their assessor. Some students in that study found this level of under-
standing sufficient. Gustin (1985) also suggested that lecturers might be conditioned in
their mathematical thinking through prior experiences.
With respect to the model for effective assessment, the CAA tests were only effective
while they were appropriate for the students’ learning goals. The students’ aims were
limited by their inclination towards goals related to grade outcome, rather than the
subject material or level of understanding.
The CAA tests largely achieved this, since the tests themselves gave students an evalu-
ative score on completion. The assessment remained effective until the summative test,
since the students were only able to construct learning goals that relate to the outcomes
of the assessment. Once the summative assessment was complete, and there was no
perceived value in continuing to use the CAA tests: the students would gain no credit
for doing so. After this point, the students were no longer creating learning goals, and
the CAA system ceased to be effective.
Thus, from the student perspective, an assessment tool may only be effective until they
have completed the summative portion of the assessment. The inability or disinclina-
tion to construct learning goals that persist beyond the summative test is a substantial
limiting factor to the scope of effectiveness of any assessment tool.
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A B Γ ∆ E Z H Θ I
Number of stages in practice test phase 2 1 2 1 2 2 2 1 1
Made notes using feedback from the CAA sys-
tem
3 3 3 3 3 3 3
Concentrated on incorrect answers 3 3 3 3 3 3
Engaged with peers 3 3 3 3 3 3 3
Table 5.4: Practice test actions
Conditions under which the CAA system is effective for the students
Observing the students’ actions more broadly in this practice test phase, there are notable
patterns. Every student used the test more than once in order to address errors. No
student revised their aim to a simpler goal when taking the practice tests. Furthermore,
every student continued in the learning cycle between the practice and summative phases:
that is, no student encountered problems in continuing their learning while in the practice
test phase.
Nonetheless, actions in the practice phase differed between students and some patterns
emerged. Alpha, Gamma and Zeta used their first practice test attempt to obtain feed-
back from their practice test questions without making a serious attempt at answering
the questions. They did this so they could model their future attempts at the questions
in the same way as the CAA feedback. Epsilon and Eta had two stages to their practice
regime in which one stage was performed with peers and one independently. In these
cases, the students were able to engage with others and reap the rewards of doing so,
while also ensuring they were able to tackle the problems independently, too.
Between the mathematics students, the actions performed in the practice test phase are
broadly similar: every participant used the feedback to develop their notes; they all
saved time by concentrating only on those questions they did not answer correctly in
their previous attempt; and they all worked with others.
The extent to which these facts apply differ between the individuals, however. Alpha
and Gamma were explicit in their intention to print the feedback in order to model
their methods for answering similar questions while other students used the feedback to
complement their lecture notes. Beta was reluctant to engage with peers, whereas the
other students in mathematics willingly engaged with their peers.
With the mathematics students’ actions being similar and noting the observable similar-
ities between Epsilon’s and Eta’s actions, it is possible that practices are shared between
students of the same department. Noting that Zeta’s actions are very similar to Alpha’s
and Gamma’s, it is possible that there is some kind of information exchange that occurs
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between students of different departments, or that students receive common advice when
approaching the CAA tests.
This is because students belong to many communities when they are at university. Not
only are they members of a department, they are also members of societies and residents
within halls of residences. They also belong to the wider body of students that share
resources, such as the library, mathematics support centre and computer laboratories.
Since students are members of various different communities, there is ample opportunity
for the exchange of experiences and tools.
The students did not give any clear indication that they were adopting practices from
students on other courses. Epsilon noted that he shared halls with other students on
the same course; it is possible that fellow halls students from different courses may have
exchanged methods this way or that these practices have developed historically and have
been ‘passed down’ to students in subsequent cohorts. Such arrangements are what
Budge (2006) described as informal mentoring, which can occur spontaneously and lead
to improved results. However, it is also important to note that Budge (2006, p. 78) also
said, “there is no research on how mentoring actually improves academic achievement”.
Such communications and sharing of practice may have happened, but there was no
evidence in this study.
At the culmination of the practice test phase, it is noticeable that every student achieved
their aims. This suggests not only that the students appreciated that the practice tests
were suitable for preparing for the summative test, but also that every student made
achievable learning goals during the practice phase and were able to measure their im-
provement.
However, there is a debate whether the type of learning goal that students are setting
for themselves are appropriate, despite them being achievable. In the model for effective
assessment, the responsibility for selecting goals lies with the student; however there
are roles for peers and lecturers in influencing the student to select appropriate learning
goals.
Observing the activity system for a student, one can understand why a student would
set their goals in this way. Figure 5.3 shows Epsilon’s activity system. He wished to
embark on a future career as a pilot. The following exchange between the interviewer
and Epsilon shows that marks and grades were the primary motivation — the pursuit of
a good degree classification was the leading activity — and ensuring that he understood
the mathematics was important, but less so.
Interviewer: What motivates you when you’re doing the practice tests?
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Subject
Epsilon
Object
To become a pilot
Tools
CAA
Lecture notes
Colleagues
Rules
Plagiarism rules
Views on collaboration
Community
Colleagues on the same
course
Division of labour
CAA provides feedback
Colleagues provide feedback
Outcome
Achieve at 70% in CAA tests
and understanding
Figure 5.3: Epsilon was motivated towards marks and understanding the material in
his motive to become a pilot. No obvious contradictions arose in his interviews.
Epsilon: Well, it’s my overall grade at the end of the year, because I obvi-
ously want to do well in university and get a good degree out of it. I want
to try to get the best I can out of every single module, so if I do not so well
in other modules, subjects like maths will bring my average up. And I want
to try to get the best I can in each individual module, as well.
Int.: So, is it just the sort of marks and grades that motivate you?
Eps.: Yeah, I would say so. I quite enjoy maths as a subject as well and
understanding it, because I think it’s quite fundamental to how everything
works. So as well as getting the grades, I think it’s really useful for under-
standing the subjects, because then you can apply it to real-life situations
and other engineering examples, as well. So that motivates me as well.
This is significant when considering the effectiveness of assessment for the student. If the
student’s motive is to obtain a good degree classification, then it follows that the student
will set goals relating to obtaining marks. The students will be culturally aware that
marks are the reward on offer that have exchange value: the marks will contribute towards
the degree classification. The pursuit of deeper understanding, or doing further work to
expand knowledge beyond the syllabus, has less tangible rewards and is considered less
important as a result. Even when students do have goals to deepen their understanding
in mind, they conflict with other goals or cannot be achieved under the conditions of
broader university study. While these goals remain with the student, they are not acted
upon.
Therefore, while an assessment may be effective for the student that is pursuing the
marks they desire, lecturers may be uneasy about students approaching assessment in
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this manner. If that is the case, then the assessment would not be effective for lecturers
that are keen for students to extend their knowledge through assessment.
It is also of interest to note the use of tools in the practice test phase: every student used
at least one additional resource to help them with the practice tests. Most used lecture
notes or course workbooks. Seven of the students also developed tools in the process
of the assessment: these participants noted the feedback they were given so that they
would be able to refer to these notes in subsequent practice tests and, in some cases, in
the summative test.
Such development of tools is a behaviour that has already been described in cultural-
historical activity theory and Sannino noted that this is a human trait: “Tool making
emerges as the individual has to face the constraints and use the available resources of
the natural environment to survive” (Sannino, 2011, p. 575). Therefore, not only do
students do this as a consequence of being human, but they develop these tools in order
to fulfil the actions they need to accomplish in order to achieve their longer-term motives.
Engeström called the section of his triangular model dealing with tool-making, “produc-
tion”. He said, “there is no activity without the component of production” (Engeström
1987, p.86), but he also referred to production as “consumption of the individual’s abili-
ties and of the means of production” (Engeström 1987, p.79).
Therefore, since individual students are producing tools in the course of their endeavours
to achieve a learning goal, they are engaged in production and fulfilling a necessary
element of human activity. The result is the objective of assessment: the students use
their existing abilities and produce an output that becomes an artefact of their learning
— such as qualifications, certificates or reputation — and the result is evidence that they
have achieved their learning goals.
The other three sections of Engeström’s model include the “community”. The students
in this setting are within a community in which they are expected to work and adhere
to the rules. In return, they are given marks, feedback and support. Within the larger
communities that include departments, societies and halls of residences, some of the
students formed smaller cliques in which to “divide labour” in order to complete the
work. It is within these cliques that Epsilon and Eta, in particular, cooperated with
peers.
Not every student believed it was correct to do this. Some of these students believed that
when they were judged as individuals — as is the case in the summative tests — they
should work as individuals. Gamma’s interpretation of the expectations placed upon
them led them to engage more fully with collaboration.
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A B Γ ∆ E Z H Θ I
Engaged in collaboration during the practice
tests
3 3 3 3 3
Preferred to work on problems in a group 3 3 3 3
Preferred to work on practice tests in a group 3 3 3 3
Believed collaboration is encouraged in the prac-
tice tests
3 7 7 3
Table 5.5: Use of collaboration and peer support
It is clear from the interview responses that some students had inconsistent views of
collaboration during the practice test phases: some students indicated that they prefer
to work on practice tests in a group yet gave no indication that they did so in the
questionnaire, and vice versa. This is further confounded when the students responded
in the questionnaire in which they were asked whether they believed collaboration is
encouraged or discouraged in the practice tests (or that they were unsure). Not only
were answers inconsistent within departments — Alpha believed it was encouraged and
Delta thought they were discouraged, for example — they also suggest inconsistencies
with the students’ actions.
For example, Delta and Eta believed collaboration was discouraged but did so anyway.
This may be because they felt collaboration was widespread among the cohort anyway:
certainly Eta stated that this was the case. This is an interesting example of a contra-
diction within a community. Here, some students have interpreted an implied rule on
the group activity that students should not collaborate during the practice test phase.
Some students did not share this interpretation — in fact, some interpreted the opposite
— and engaged in collaboration. For those students that believed collaboration was dis-
couraged, they observed that others were acting differently an made the choice between
working independently according to the perceived rules, but perhaps to their own detri-
ment, or follow the lead taken by others and adhere to the interpretation of the rules
observed by the majority. In this case, Delta and Eta opted for the latter option.
This suggests that the community created by the cohort of students — and cliques within
those — can be very influential in determining students’ actions. As noted previously,
there are patterns in the ways in which students take the practice tests and some of the
students were prepared to collaborate even when they thought it was discouraged by the
lecturer.
It reinforces the position that the model for effective assessment takes on the influence
of peers and teachers on the potential for an assessment to be effective. The model says
that peers and teachers can influence the assessment at three key stages: setting aims,
during assessment and providing feedback. The findings suggest that peers can have a
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substantial impact on the effectiveness of an assessment during the assessment phase:
not only do they provide opportunities for peer assessment, but peers may also facilitate
the student’s learning while undertaking an assessment.
This kind of spontaneous informal mentoring (Budge, 2006) enables students to obtain
immediate feedback, which is more personal than that offered by the CAA system. Not
only is it an advantage to the students that collaborated in this way, it also gives greater
scope for the CAA system to be effective. While Theta worked alone and, occasionally,
sought help from the mathematics support centre, others like Epsilon and Eta regularly
obtained feedback from their peers.
The interviews could not determine with certainty that these additional opportunities
for feedback had a longer-lasting advantage for students’ learning. However, Topping
(1998) noted:
“Organised, delivered, and monitored with care, [peer assessment] can yield
gains in the cognitive, social, affective, transferable skill, and systemic do-
mains that are at least as good as those from staff assessment.” (Topping,
1998, p. 269)
Though Topping warned that more evaluation of peer assessment was needed, if students
can readily draw upon the influence of peers while they undertake an assessment, it is
possible that assessments could remain effective for longer.
It is not necessarily trivial to define the activity system: for example, the differences
in the way CAA is conducted between departments suggest that these students are in
different communities; however, they are members of the same institution and the tools
and outcomes are similar. Núñez (2009, p. 10) argued that activity systems are nested
and that “few studies take advantage of [activity systems] being nested in other activity
systems.”
In such a construction, the influences from larger entities (such as a university or a group
that regulates university learning) on smaller entities (departments, lecture theatres,
individual study) can be observed and considered. Thus, for each student, they are
members of several communities.
The interview study showed that students are members of several different communities,
which, as Núñez (2009) described, are nested. Furthermore, they do not form a simple
hierarchy of size and do not nest in subsets. The interview data also demonstrate that
students moved between these communities and formed cliques within these communities:
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for example, some students would work in the library and engaged variably with other
students in their department.
This construct of communities helps to understand the sometimes-fluid approaches to
CAA practice tests. Some students reported changes in their practice over the course
of the first year, in which they encountered different lecturer practices, students from
different departments and changing learning goals. It also serves to suggest a possible
cause of the similarities of practices between different departments, where one might
expect students from the same department to engage in somewhat similar activity.
With students moving between communities — for example, working with colleagues
in the library to working somewhat individually as a mathematics student — there
may arise certain contradictions. Certainly, in the cases of Delta and Eta, the students
were under the impression that the rules of the activity discouraged collaboration yet
they formed cliques in which collaboration was encouraged. Such contradictions were
called “quaternary contradictions” by Engeström (2014). When presented with such
contradictions, the students made a choice and, in the cases of Delta and Eta, they chose
to align with the cliques they formed and collaborated.
As noted in the theoretical framework chapter, these students may have developed a
leading identity (Black et al., 2009) that directed them towards goals and motives that
they believe represents success. For these students, getting a desired score was a marker
of their interpretation of success. Consequently, if they believed that the cliques they
formed were more compatible with their striving for such success, they would be more
likely to align with this activity. Both Delta and Eta were keen to achieve a first class
degree and aimed to achieve as high as possible in assessments; in CAA they both aimed
to achieve 100%.
However, while there are leading identities that appeared to have drawn students towards
the pursuit of marks, some students noted other identities that generated contradictions.
Both Epsilon and Eta had a desire to develop a deeper understanding; Epsilon expressed
a desire to develop further knowledge and understanding in anticipation of a possible
future career in aviation. In both their cases, their leading identity, which directed
them towards marks and grades to achieve success, dominated their motive and, thus,
somewhat appeased this “primary contradiction” (Engeström, 2014).
There are at least three ways in which this kind of resolution could have been made.
Either that desire to attain a deeper level of understanding had abated; or it had been
sated, by doing extra work to achieve this goal; or the students believed that it had been
sated. The interviews did not give conclusive evidence to suggest which of these three
(or another) might have provided a clear resolution. Nonetheless, it seemed that the
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students were satisfied that marks were the most significant indicator of success in their
studies, and achieving the highest marks possible became their motive. In the cases of
Epsilon and Eta, it came at the expense of their aims to develop their understanding.
Solomon (2007) observed that students were willing to sacrifice deeper understanding
of concepts to perfect the methods they are expected to learn; she encountered several
students in a study that were sufficiently happy to learn the procedures and to dismiss
any information that they would not be expected to remember for a summative test.
van de Watering, Gijbels, Dochy, and van der Rijt (2008) also summarised a number
of studies that showed that students tend to prefer assessment types that they deemed
easier to score marks. Interestingly, they found that students do not necessarily prefer
assessment types that they scored well in; nonetheless, they concluded that “it is possible
that some students prefer written assessment formats because they are used to it, but
not because they are good at them” (van de Watering et al., 2008, p. 655).
This may have had an impact on the scope of the effectiveness of CAA testing. If the
students perceive marks and grades to be the pinnacle learning, this would affect their
actions. In particular, once a summative test has been completed and the marks awarded,
it is possible that students envisage no possible future gain from CAA since it would not
award any further marks.
Judging from the students’ learning cycles, only one student expressed a desire to develop
their understanding further once they had completed the summative test. Eta was
already engaged in mathematics and had studied the Further Mathematics A-Level prior
to university. He said that he had found some of the CAA regime challenging; he
indicated that there were some aspects of the CAA tests that he would return to, given
time, beyond the summative assessment.
He was keen to get a first class honours degree and was striving to apply himself more
to meet his aim. However, he found that there was a lot to be done and that the time
pressures were substantial. As a consequence, he had sacrificed some of the learning he
had intended to achieve, including continuing to use the CAA system after the summative
test to redress his errors.
Of the others, two intended to use CAA as a revision tool for their exam and six (two
thirds) had no intention of using CAA after the summative test. For those students that
had no intention of using CAA after the summative test, they perceived no use for it.
One hypothesis is that since the summative test signifies the end of a section of material,
and no more marks would be awarded by the CAA system for that material, there is
no perceived net benefit to working further on CAA. This may also be true for Alpha,
Chapter 5 Analysis 115
Delta and Theta when they had failed to achieve their aims for the summative test on
some occasions, which signified the end of their learning cycles.
Making the CAA system more effective for students
This work offers the opportunity to identify the limiting factors that prevent the system
from being effective for longer. Students aims appear to be particularly limiting in cases
where students cannot or will not select new aims once the summative assessment is
complete.
Overcoming this limitation is not straightforward. It is not common practice for a sum-
mative assessment to be to offer additional marks once the assessment is complete. The
only reasonable or practical way of overcoming this limitation is to encourage students
to develop more challenging learning goals.
One way in which this might be achieved is to develop the CAA system so that it
trains students to develop learning goals more autonomously. Boud and Falchikov (2007)
described the need for students to become “lifelong learners” and to develop the necessary
skills to make judgements and decisions without the support of a lecturer or teacher.
This kind of adaptation towards a “sustainable assessment” would “meet the needs of the
present without compromising the ability of students to meet their own future learning
needs” (Boud, 2000, p. 151).
Cultural-historical activity theory highlights the human pursuit towards motives that
signify success and survival. Marks have a large cultural significance and represent suc-
cess in the forms of aptitude, level of understanding, dedication and future employability
(Boud & Falchikov, 2007, p. 401). Therefore, encouraging a change in students’ aims
towards deeper understanding would require students to believe that developing this un-
derstanding would contribute towards their motives. This requires a cultural change in
the academic community, where these aims are rewarded, rather than scoring well in a
procedure-dependent test.
It is also interesting to note that, from the individual students’ point of view, the de-
partment to which they belong did not seem to have a significant effect on whether they
achieved their learning goals. However, Theta’s case (Appendix G.8, p. 213) showed that
the change in CAA practice between lecturers introduced failures for Theta to achieve
learning goals. These failures were because the summative tests introduced unfamiliar
contexts to which Theta struggled to adapt.
This is significant, since some students in the study used the feedback to model their
solutions. This may have made those students dependent on the context of the question
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A B Γ ∆ E Z H Θ I
No perceived gains following the summative
test
3 3 3 3 3 3
No perceived gains following the exam 3 3
CAA would not help to develop a deeper un-
derstanding
3
Failing a test (demotivation) 3 3 3
Table 5.6: Causes of the end of the learning cycle
in the same way that Theta had; yet this dependency was only exposed by a change
in CAA practice. The reliance on context demonstrated that the CAA system was
not sustainable in the manner that Boud (2000) described: Theta was not adequately
prepared to use her knowledge beyond the CAA tests.
The implication is that there is a significant challenge to whether the CAA system had
been effective at all — particularly in Theta’s case — regardless whether it had satisfied
the aims of students and lecturers. It required a change in assessment practice to expose
Theta to a more challenging learning goal: that is, to be able to apply the methods
learned to unfamiliar contexts.
It reaffirms the onus upon the assessment to encourage students to pursue more chal-
lenging learning goals in order for it to remain effective. While the CAA system was
effective at testing a student’s ability to perform a method, it lacked the capability to
test students’ conceptual understanding. Had the CAA system possessed the aptitude to
challenge Theta’s learning in the way that the paper test did, Theta may have realised
sooner that her knowledge and understanding could be developed further. In that regard,
Theta was able to achieve her aims without developing the understanding that would be
required in other contexts. The pursuit of a new aim might have extended the scope of
the CAA system’s effectiveness.
5.1.3 Summary
All of the students were able to achieve their learning goals at least most of the time.
There were occasions when students failed to achieve these goals. Some students ex-
plained that this was because of the marking scheme: they felt they were harshly scored
zero when they should have been awarded for some of their knowledge, rather than pun-
ished for making mistakes. In one case, the dependence on the context of the questions
presented in the CAA tests led to failures when the summative test presented a different
context.
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Most students were willing to collaborate on the practice tests while others were reluctant
to do so. Gamma suggested that he collaborated during the summative test. The stu-
dents seemed unclear whether collaboration was encouraged or not, but appeared more
inclined to collaborate in situations where they believed collaboration was commonplace.
Although collaboration, in itself, did not appear to have a significant effect on the scope
for students to achieve their goals, some students appeared to gain more from collabo-
ration than others: these students demonstrated they could achieve autonomy and work
independently in a summative test after working with others and alone in the practice
test phase.
The students tended to set aims for themselves that related to the marks they wished
to receive. On the one hand, this motivated them to use the practice tests to ensure
they perfected the techniques they needed to know in order to ensure they achieved their
aims. However, this meant that the students had no motivation for further study once
the summative test had finished (Table 5.6).
Eta expressed an interest in continuing his learning beyond the summative test but felt
that the CAA system was not capable of testing him with respect to his conceptual
knowledge. This opinion was shared by another student who felt that the tests were
purely procedural. This lack of conceptual testing and the pressure on students’ time
was one limiting factor on the effectiveness of the CAA system.
However, it is clear that the students were motivated most by the marks they could receive
from the CAA tests. For many of the students, the summative test marked the end of
the need to use the CAA tests. Some were prepared to revisit the material and use the
CAA practice tests in order to revise for their exams, which extended the effectiveness
of the system. No student suggested that they revisited the questions they answered
incorrectly in the summative test; nonetheless, the lack of comprehensive feedback, which
was present in the practice tests, would have prohibited students from being able to
compare their solutions in the way they had been accustomed.
With regard to the model, it would seem that the CAA system has been effective for
students while they are striving to achieve a certain mark; and through this study it would
appear that students develop and share practices that largely help them to achieve those
scores. However, while the marks suggest that the students achieved what they wished to
achieve through these tests, there was a substantial part of their learning that remained
untested. Furthermore, the students were not always able to identify that this was the
case and, therefore, were not exposed to the potential goal to address these shortcomings.
This was the cause of all-but-one of the cases for the CAA system to cease being effective.
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For students that did not achieve full marks, there was potentially more learning that
could be achieved, and thus they might have been able to continue on their learning
cycles. However, any effort expended to do to so is not given the same cultural recognition
— in particular, no further marks are given. The lack of feedback following the summative
test might also reinforce the idea that there is little to be gained by persevering on that
topic. Some students, like Gamma and Eta, indicated a willingness to reflect on their
summative tests, but the lack of feedback at this stage of the assessment was a barrier.
There is a pedagogic reason for not disclosing feedback at this stage: disclosing full-
worked solutions for summative test questions risks the validity of future tests should
the solutions be made available to subsequent cohorts of students. Some students had
the option to return to the practice tests to practise questions similar to those they had
answered incorrectly; however, they did not.
Nonetheless, this demonstrates that lecturers’ practices have a role in determining the
extent to which an assessment is effective. The change of practice between semesters
that Theta experienced meant that her learning stopped once she failed a test; however,
it did expose Theta to new learning goals that she pursued away from the CAA system.
The choice to suppress feedback after the summative test may have communicated an
end to the learning scenario. The choice to allow students to complete the test without
invigilation may have communicated to students that it is permissible to collaborate with
students during the summative test.
Over and above the desire to explore lecturers’ learning cycles while using the CAA
system, it follows from the student study that it is important to establish why lecturers
made their choices for CAA practice, since they had a profound impact in the way the
students acted with the CAA system.
5.2 The lecturer study
The student study already highlighted the difference between lecturers in terms of CAA
practice and one of the emerging issues from this study is that lecturer practice has an
influence on the effectiveness of an assessment. However, the student study captured
neither the reasons for these divergences in practice nor the reasons why lecturers use
CAA at all.
This section outlines the findings from a questionnaire that was used to gauge the prac-
tices of the lecturers teaching first year students in mathematics and engineering depart-
ments at the institution. They exemplify the diversity of practice that had emerged since
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the CAA system was introduced. The questionnaires also give an impression of what the
lecturers felt towards the CAA system and how it was effective to their needs.
It also contains a case study of one lecturer to demonstrate the analysis performed on
the interview data with six of lecturers that responded in the questionnaire study. These
six case studies, given in full in Appendix H, (p. 220), are summarised and compared
in this section in order to answer the research questions with respect to the lecturers’
perspectives.
The department hosted and gave lecturers access to the CAA system; however, it re-
mained at the professional discretion of the lecturers to decide whether and how the
CAA system would be used with their students. Beyond offering this access, the lectur-
ers reported in interviews that there was no further direction or instruction from their
departments; this may be due to the fact that the practice of using CAA tests in the
mathematics and engineering departments had continued for many years.
Thirteen lecturers from the department were responsible for the teaching of mathematics
modules to the first year students in this study. Through email correspondence with these
lecturers, four of the thirteen reported that they were not using CAA with their students
at the time. The nine lecturers that used the CAA system were approached for this
study.
5.2.1 Lecturer questionnaires
A questionnaire (Appendix C, p. 167) was circulated to the nine lecturers that were
using the CAA system with their first year students with the purpose to establish how
the lecturers use the system, why they use the system and to explore some of the issues
that lecturers may have experienced when using the system.
The responses from the questionnaires demonstrated that there was a diverse range of
practices adopted by the lecturers (Table 5.7), with four of the nine adopting somewhat
unique practices. All the lecturers granted their students access to the practice tests, but
it was in the summative test practice that lecturers differed most. One lecturer did not
offer a summative test, but allowed access to the CAA practice tests so that students
could test their knowledge without being judged on it directly.
One lecturer replaced the CAA summative test with an invigilated paper test. The other
lecturers differed in terms of whether the CAA summative test was invigilated or not:
three invigilated the test and four did not.
The lecturers were asked about their stances on collaboration for CAA testing. For
practice test phases, all lecturers were happy for students to collaborate, but only three
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CAA summative test @c@Invigilated
paper test No testInvigilated Non-invigilated
Access to
practice
test
granted
more than
one week
before a
test
Access
to
practice
test
granted
after the
test
0 2 1 1
Access to
practice test
granted less
than one week
before a test
Access
to
practice
test
granted
after the
test
0 1 0 0
Access
to
practice
test not
granted
after the
test
3 1 0 0
Total 3 4 1 1
Table 5.7: Lecturer practices for the use of CAA
lecturers explicitly encouraged students to collaborate. Four lecturers prohibited collab-
oration in the summative test by invigilating the test session; the four lecturers that
did not invigilate the summative test were against the idea of students collaborating;
nonetheless, they did not communicate their wishes for students to work alone to their
cohorts.
Table 5.8 indicated that they tended to agree that using CAA freed time, was convenient,
provided opportunities and motivation for students to practise and offered immediate
feedback; however the quality of the feedback offered to students appeared to be less of a
motivator to provide these CAA tests to students. Furthermore, the lecturers disagreed
on the ease of setting up these tests.
Some row totals are not equal to nine in Table 5.8: some lecturers opted not to respond
to all the questions.
When asked about the bank of questions that are contained within the CAA system,
there was no consensus as to whether the questions posed sufficient challenge to the
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I use CAA with students
because. . .
Strongly
disagree
Disagree Neither agree
nor disagree
Agree Strongly
agree
it is easy to set CAA tests
for my students
1 1 0 4 2
it was used by a previous
lecturer
0 0 0 4 4
I am encouraged to by the
department
0 0 6 1 1
students receive immediate
feedback
0 0 2 4 4
students receive good
quality feedback
0 2 3 3 1
CAA frees up time 0 0 0 5 4
CAA is convenient 0 0 0 5 3
CAA provides students
with opportunities to
practise
0 0 1 4 4
CAA provides students
with motivation to practise
0 1 2 5 0
Table 5.8: Lecturers’ reasons for using CAA
students (two believed they do, five did not, two neither agreed nor disagreed). How-
ever, the lecturers felt that developing questions took too much time (four agreed, five
neither agreed nor disagreed) and was too difficult (three agreed, six neither agreed nor
disagreed). Only three had attempted to develop questions for the CAA system and
only two thought it would be worthwhile doing so. The remaining lecturers had not
attempted to write new questions and did not believe it would be worthwhile.
This offered an early glimpse into the contradictions that lecturers faced while using this
system. The questions that the CAA system displayed to students were not sufficiently
challenging, yet there was no consensus between the lecturers on whether it would be
worthwhile to develop more questions.
In a later group of questions in the questionnaire, the lecturers offered some insight as
to why the questions might not have offered the challenge that they desired. They were
asked the extent to which they agreed that the CAA system was able to test students
on their recall, procedural and conceptual ability.
They were most convinced by the statement that the CAA system was able to test their
students’ abilities to carry out mathematical procedures and methods (eight agreed, one
neither agreed nor disagreed). Five lecturers believed that the CAA questions tested
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students’ recall; three disagreed. One lecturer felt that the system tested students’ con-
ceptual knowledge, but three disagreed. The lack of agreement may be due to the dif-
ferences between the mathematics and engineering questions, or due to diverse practices
that the lecturers adopted.
An invigilated test may well be a test of recall if no additional materials are permitted
— indeed, the lecturers that strongly agreed that the CAA summative tests were a test
of recall also invigilated their tests — whereas a non-invigilated test may have invited
students to use their own materials and thus negated the need for recall.
Both banks of questions — for the mathematicians and for the engineers — were abun-
dant with questions aimed at testing the students’ ability to carry out procedures, yet
only one lecturer believed that these questions posed sufficient challenge to the students.
There was some desire to develop more questions for the system to address the lack of
challenge. These data suggest that perhaps this is because these lecturers wished to add
the ability to test conceptual ability more routinely in the CAA tests, and at that time
the CAA questions could not provide this challenge.
If this is true, the contradiction that lecturers faced was between the desire to test
students’ conceptual knowledge, with the same efficiency and immediacy provided by
the CAA tests, and the difficulty in setting new questions on the system. In order to
resolve this contradiction, the lecturers would have to find a means of testing students
conceptual knowledge.
The questionnaire data provided two means by which some of the lecturers have at-
tempted to achieve this. One lecturer used invigilated paper tests to introduce a con-
ceptual dimension to the assessment. Three lecturers had attempted to develop new
questions for the system, despite the difficulty and time cost of doing so.
The conclusions from the questionnaire allude to the existence of contradictions within
an established practice of using CAA with students. The lecturers reported that the
system is convenient and efficient, and provided students with the means and motivation
to practice. However, the assessment itself was insufficient to test the breadth of ability
that the lecturers wished to test of their students and there are indications within the
data of how the lecturers have sought to overcome this problem.
5.2.2 Lecturer interviews
This section first provides a full case study of one lecturer. It describes the identity of
this lecturer and suggests how this affected her aims and actions with respect to her use
of the CAA system and the decisions she made as she settled in her CAA practice. These
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case studies describe for what aims the CAA tests were effective and at what point the
CAA tests are no longer effective for their aims.
The six case studies were used to discuss the aims of the lecturers, and what they seek
from assessment. This addresses the first research question, which asks what makes an
assessment effective with respect to the lecturers. The case studies were also used to
assimilate the similarities and differences between lecturers’ practices, and they these
similarities and differences exist. They are used to critique the CAA system and judge
its effectiveness for the lecturers’ needs. This addresses the second research question: to
establish the effectiveness of the CAA system.
The contradictions that lecturers faced, most notably between their pedagogical aims
and the capabilities of the CAA system, were points at which the CAA system could no
longer be effected. Thus, from the six studies, the limitations of the CAA system and
how they might be addressed offer suggestions for the third research question: in other
words, how the CAA system may be improved to extend the scope of its effectiveness.
For the system to be effective, it must satisfy the lecturers’ aims for assessment. These
aims are sometimes multi-faceted and the assessment can be effective for some of these
aims, but not others. If the lecturer has achieved a stable practice, then one can say that
the assessment tool has been effective to some extent, but there may be other aims that
the tool cannot fulfil.
Six lecturers indicated on their questionnaires that they would be prepared to participate
in an interview to discuss CAA further. They lasted between 27 minutes and 54 minutes,
with a median time of 34 minutes. They are given Greek letters as pseudonyms: namely
Kappa, Lambda, Mu, Nu, Xi and Omicron.
Lecturer case study
Subject Kappa was an experienced lecturer whose research was in the field of math-
ematics pedagogy. She reflected upon her teaching practice in light of her own research
and her reading of others’ contribution to mathematics pedagogy literature.
She was regarded highly for this expertise both within the department and more widely
in the mathematics education community. As Roth (2007b) argued, identity is a con-
struction from what an individual has done and what they think. In Kappa’s case, her
research, her practice and the beliefs that she had generated through her work comprised
her identity and moulded the way she acted when teaching.
Using the notion of figured worlds (Holland et al., 1998a), Kappa had developed identities
as a teacher, researcher of mathematics pedagogy and expert in mathematics education.
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Subject
Kappa
Object
Assessing her students
Tools
CAA
Group coursework
Rules
Departmental rules
Rules from mathematics
pedagogy community
Community
Department
Mathematics education
community
Assessment community
Division of labour
CAA marking
CAA technician prepares tests
Outcome
Awareness of students’ under-
standing
Stable assessment practice
Figure 5.4: Kappa’s activity for assessment showing contradictions sited within the
subject and between the tools and object of activity
These figured worlds were by no means disparate: they were related and were mutually
influential. For the activity of assessing her students, Kappa spoke from each of these
identities, demonstrating the influences that they have on each other: in particular, she
noted the introduction of the group projects as a result of a research project she had
been working on.
Object Kappa’s object for the activity was driven by her research and reading. She
emphasised the need to allow students to explore the concepts behind the mathematics
they were using, which needed to occur alongside giving students the confidence to
perform the procedures they are required to learn. Therefore, she realised the importance
of giving students the opportunity to practise and gain feedback on their work.
By offering regular interim assessments, Kappa could monitor students and allow stu-
dents to monitor themselves in their learning. However, such regular testing would be a
burden on her time in preparing and writing meaningful feedback using traditional as-
sessments techniques. While she wanted to offer students this facility, she acknowledged
that she was already pressured for time.
Tools She used CAA with her students in Engineering Department E. In the past she
had been reluctant to use some online assessment resources as she found them to lack
rigour and had been rudimentary. She had been generally keen to introduce technology
in her teaching where it would help students to grasp topics and develop their conceptual
awareness.
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She used the CAA system with these students since they offered the opportunity for
students to practise: “I think that they fulfil a very useful purpose in enabling students
to practise and become familiar and confident with the way of doing things.”
This was not the only aim that Kappa had for the interim assessments. As well as offering
the opportunity to practise, Kappa desired to test students’ conceptual understanding:
“I put an important emphasis on conceptual work, but that doesn’t say there’s no need
to practise.” Kappa felt that the CAA system was not sufficient for testing conceptual
understanding in its current state, but fulfilled the purpose of ensuring that students
were tested on their procedural work.
For these reasons, Kappa found it insufficient to depend on one tool to carry out the
activity and adopted other assessment techniques to reach the object of the activity.
While CAA was a useful tool for testing many students quickly, other assessment tools
could be used to test conceptual understanding. She said, “If they [the CAA tests] were
the only form of assessment, then I would feel that maths learning was impoverished,
because there is a lot of encouragement for instrumental learning.”
Kappa was keen not to reduce the assessment regime to one kind of assessment tool; she
was content to have the variety of CAA alongside projects to assess different types of
knowledge of understanding. For that reason, she was not keen on the idea of introducing
questions that assess conceptual understanding to CAA: “It’s not so much that I want
to put more challenging questions on the CAA, but by themselves, they [the CAA tests]
don’t offer so much of a challenge as I want. But given that the CAA is part of a wider
assessment programme, then the CAA alone is not offering the degree of challenge I want
overall.”
Community Kappa was a member of many communities that had an impact on her
activity of assessing her students. She was a member of the mathematics lecturers
and department; she was a member of local, regional and international communities
of mathematics education researchers; and she keenly kept abreast of innovations in
mathematics learning, pedagogy and assessment literature.
These communities affected her in many ways: not least in the formation of her lead-
ing identity for this activity. She was aware of the various tools at her disposal that
would help with her activity: from the CAA made available by the department, to the
techniques discussed in the other communities.
Division of labour One of the many reasons that lecturers are tempted to use the
CAA system is the opportunity to save time by having assessments marked automatically
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by a computer. Further time is saved in the preparation of such assessments since a staff
member is dedicated to setting up tests to the lecturer’s liking. In practice, this meant
that lecturers could request which questions appear in the tests, how long the practice
tests are made available, and precisely when the summative test is made available.
Kappa made use of this division of labour: “What’s particularly good about them. . . is
that more or less somebody else does all the work. So, I get a form of assessment
that is useful within the boundaries that I’ve stated, and it happens. Whereas for
the projects [which assess conceptual understanding], I’ve just spent almost the entire
weekend marking a set of projects. . . They are hugely labour-intensive, whereas CAA
tests are not.”
The workbooks, which are given to students as a core document for each topic within
their engineering mathematics modules, also offered the students the opportunity to
explore the knowledge they had acquired away from lectures. They allowed the students
to explore different contexts in which to use their mathematical knowledge.
Rules Like all the other lecturers, Kappa was bound by the rules of the organisation
regarding the use of assessment, including safeguarding against the effects of plagiarism.
Although she was compelled to act upon plagiarism incidents, she was intent on avoiding
such instances by ensuring that the students could not collaborate during summative
assessments. To that end, she invigilated the CAA summative tests.
Invigilating the test also provided benefits in terms of the trust Kappa could place in the
scores students gained. When Kappa was asked why she invigilated the summative test,
she said, “How do you know who’s done it? How do you know that they’ve done it on
their own? How do you know if they’ve copied from somebody else or from the book? I
invigilate because I want to see what each student working on their own can achieve.”
She was also a member of a wider mathematics education research community, which had
an effect on her identity as a lecturer and educator, the object of her activity and what
she considered to be good assessment practice. The principles of this good assessment
practice manifested as a set of rules by which she was obligated to follow in her assessment
regime, which included:
• the need to assess students on their conceptual understanding as well as their
procedural capabilities;
• to monitor her students’ progress, and allow students to do the same;
• to offer regular and timely feedback.
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The influence of the rules by which she abided had a clear influence on the object of
her activity. These rules were beyond the expectations that were placed on her by the
department. She had noted particularly the need to test the students on their conceptual
knowledge during the semester; she found that the CAA system was not capable of testing
students to the extent she required.
Since the tool satisfied many of her aims and brought her closer to the object of the
activity, the contradiction was not sufficient to warrant abandoning the tool. The CAA
system was also considered a part of the learning regime among the engineering depart-
ment, since it operated as an adjunct to the workbooks.
Contradictions There were two main sites contradiction that Kappa experienced in
the course of assessing her students: a primary contradiction that formed between the
identities she had formed within her communities, and a secondary contradiction between
the sole use of the CAA system and the object of her activity (Figure H.1).
Kappa developed a leading identity as an assessor, which incorporated aspects of each
of the lecturer, researcher and expert identities that informed her practice. One effect of
complementing these identities was that that Kappa remained critically reflective with
her practice and was perhaps the least influenced of all the interviewed lecturers by
learning experiences at school and university. Gustin (1985) suggested that mathematics
experts might hold beliefs influenced by these early experiences, but Kappa was a counter-
example.
However, there emerged conflicts between identities. Kappa was keen to develop her
assessment practice by incorporating technology — using geometry software and having
a weekly session for her students in a computer laboratory, for example — but this had
an impact on the time she spent on her teaching. Each of the activities associated with
these identities demanded much of her time, and she had to deal with the conflicts arising
between her identities to manage the time she spent on these activities.
Inevitably, she felt that she could not develop her practice to exactly how she would
want to have it had she had the time to do so. She acknowledged that she had to make
compromises between her ideals, which were motivated by her identities. Nonetheless,
she was satisfied with her practice and it had reached a stable state.
Reaching this stable state relates to the notion of the the self as a leading activity, since
Kappa exemplified the development of a “real-life activity that most explicitly positions
individuals to meaningfully contribute to the ongoing social collaborative practices in
the world” (Stetsenko & Arievitch, 2004, p. 493). That is, Kappa used her experience
as a lecturer, mathematics pedagogy researcher and mathematics education expert to
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Kappa
Assess
students
quickly on
procedures
Invigilated
CAA tests
Students’
CAA scores
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Assess students quickly on concepts
Figure 5.5: The assessment is effective for Kappa’s goal to assess students quickly on
their procedural knowledge, but it is not effective for testing conceptual knowledge
develop an identity as an assessor, which in turn allowed her to advise others on their
assessment practice.
Kappa faced a secondary contradiction between the object of the activity and the CAA
system tool that she was using. As noted previously, Kappa’s interpretation of the rules
influenced the object of the activity. Like some of the other lecturers in the study,
this rendered the CAA system insufficient for achieving for satisfying the object of the
activity.
In Kappa’s case, the need to assess students on their conceptual understanding was not
satisfied by the CAA system. Although she was not keen to add conceptually challenging
questions to the CAA, Kappa noted that one of the barriers that she faced when using
this system was that she could not design her own questions for the system. This meant
that she relied on the existing question bank. She also felt that the CAA tests “encourage
a more instrumental way of seeing mathematics” that reduces mathematics to a set of
procedures to follow.
She addressed this contradiction by introducing group project work. In doing so, she
was able to challenge the students’ conceptual understanding and to gain experience of
new contexts. Although this was a recent addition to the course, Kappa was content
that the projects had served the purpose for which they were introduced. That is, they
resolved the contradiction that arose between the object of her activity and the tool.
The introduction of group project work created a new contradiction: it proved to be
a burden on her time, which the CAA system promised to save. However, Kappa was
satisfied that the time saved by offering CAA tests mitigated against the additional time
expenditure for marking the projects.
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Effectiveness For Kappa, the CAA system was effective for the testing of students’
individual work on procedures and it satisfied her aims to asses her students quickly and
obtain reliable indicators of their performances. Her CAA practice had developed over
several years, so at the time of the interview, her practice using the CAA system had
become stable.
She reported that the last major change to her practice was to reduce the number of
CAA tests from four to two over the course of the semester, and to make the tests twice
as long to accommodate the testing of the material. She reasoned, “With the four CAA
tests that I had, many students were finishing very quickly. So, being given twice the
number of questions didn’t seem unreasonable.”
While CAA remained effective for Kappa’s goals to assess students’ procedural ability,
she could not see a use of CAA as a means to accomplish her goal to assess students’
conceptual understanding (Figure H.2) and, this, the CAA system was not effective for
this aim. Although this did not cause problems for Kappa — she was satisfied in using
other assessment types for this aim — it served to illustrate one of the limitations of the
CAA system.
Lecturers’ views on what makes an assessment effective
The model for effective assessment positions lecturers’ aims as an intrinsic measure of
whether an assessment has been effective or not. Therefore, it is imperative to study
their aims. Furthermore, motives drive agents to act within an activity system and, thus,
the lecturers will act according to their aims. Thus this study examined how varied the
lecturers’ aims were and whether these differing aims were the cause of their diverse CAA
practices identified in the questionnaire study with lecturers.
The lecturers’ paths through the learning cycle suggest that there were many differences
between individual lecturers’ aims and outcomes when using the CAA system. With such
stark differences, the result is a variety of practices. This is because the CAA system is
the tool that the lecturers used to perform assessment and the lecturers adapted their
use of the tool as they faced contradictions between what they aimed to achieve and
what the CAA system could offer.
For example, both Kappa and Lambda felt that the CAA tests alone were not sufficient
as a test of students’ conceptual knowledge and encouraged students to adopt an in-
strumental way of learning. Their responses to these problems were different, however.
Kappa reduced the number of tests and introduced projects to help assess conceptual un-
derstanding and broaden the students’ experiences of the contexts in which problems can
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occur. Lambda conducted a paper test that introduced real-life contexts and additional,
optional coursework that students were free to attempt at their discretion.
In the cases of Kappa and Lambda, their aims for CAA were sufficiently similar to ar-
rive at the same contradictions; however, because they had other aims to satisfy, their
response to the contradictions was markedly different. In Kappa’s case, there was a
particular need to keep the workload from marking low and to encourage students to
collaborate: the projects were a necessary addition to the assessment scheme and the
CAA tests retained the ability to offer feedback. For Lambda, marking the tests indi-
vidually allowed him to maintain a “human” element to assessment, which he viewed as
important.
Therefore it is important to analyse the lecturers’ aims for assessment more closely and
explore the journeys that the lecturers have made in their learning cycles: in particular,
how they overcame the contradictions that they faced to reach their current practices.
Table 5.9 gives an overview of the aims that the lecturers expressed with respect to CAA.
All the lecturers were keen to provide students with access to a means of practising their
newly acquired mathematical knowledge. Indeed, the desire for students to “engage more
in their own learning” (Green et al., 2004, p. 2) was a motivation for the design of the
CAA system.
The aims also reflect some of the aims imposed by the university — the community
in which the lecturers engaged in the activity of teaching and assessing. Providing a
fair means of assessment is an imposition from the community upon the lecturers’ aims.
While all the lecturers were required to provide a fair assessment, only Xi mentioned this
as one of her aims. This may be because she felt that was an important aim for her,
personally.
Some lecturers were happy to offer access to the CAA practice tests, with some keen
to encourage students to work between lectures. Although none of the lecturers stated
explicitly that they felt that students would not practise between lectures in the absence
of assessment, the researcher notes that this sentiment was expressed anecdotally and
informally by lecturers on more than one occasion.
In encouraging students to practise between lectures, the lecturers wished for students
to consolidate their learning, to increase their confidence, and to be prepared for build-
ing upon their learning in the next lecture. This sentiment was echoed by Nicol and
Macfarlane-Dick:
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Lecturer Aims
Kappa
• Enable students to practise
• Test conceptual understanding
• Test students quickly and save time
Lambda
• Encourage students to work between lectures
• Enable students to practise
• Differentiate between students
• Prepare students for a variety of contexts
Mu
• Test a large number of students quickly and efficiently
• Establish the extent to which the students have grasped the con-
tent
• Test students on their ability to carry out procedures
• Test whether students are capable beyond the lecture content
• Enable students to practise
Nu
• Encourage students to work between lectures
• Expand and develop students’ views of what “doing mathematics”
is
• Consolidate learning that happens in lectures
Xi
• Provide a fair means of assessment
• Enable students to practise
• Encourage students that are struggling with the content
Omicron
• Allow students to monitor their progress
• Enable students to practise
• Provide a convenient form of assessment for students
Table 5.9: Lecturers’ aims for assessment
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“One effective way to develop self-regulation in students is to provide them
with opportunities to practise regulating aspects of their own learning and
to reflect on that practice.” (Nicol & Macfarlane-Dick, 2007, p.207)
One reason why they may feel the need for students to practise between lectures is
through their own experiences of learning mathematics. Gustin (1985) performed a
study to look for similarities between leading American mathematics researchers. In
interviews conducted with these researchers and their parents, Gustin noted:
“Perhaps the most significant aspect of their formal secondary school expe-
rience was that it did not disturb the tendency of the mathematicians to be
independent learners.” (Gustin, 1985, p. 302)
In comparing secondary school education to the mathematicians’ experiences in college,
he added:
“For many of the mathematicians, college was the first opportunity to be
with other students who had similar interests and abilities. . .Whereas they
had previously learned much of the mathematics they knew on their own,
in college they enjoyed competing with and learning from peers. They still
studied and worked on their own, however.” (Gustin, 1985, p. 320)
The mathematics researchers in Gustin’s study were used to developing and honing
their mastery of mathematics on their own. It may be that the lecturers in this study
had similar experiences to those in Gustin’s study, and were therefore inclined to learn
independently and engage with like-minded peers. If they believed that this was the right
way to learn mathematics, this would explain why they were keen for their students to
develop similar habits.
Certainly, the description that Omicron gave of how students should collaborate — “I
think, for the students to collaborate on things, it’s helpful for everyone. The strong
students learn it better if they explain it and the weaker students learn it better if they’ve
had it explained more times” — was similar to the exposition of the mathematicians in
Gustin’s study. However, the interviews in this study did not examine the lecturers’
prior experiences of learning mathematics, so comparisons between their approaches to
learning and how they teach cannot be made here.
Some of the lecturers used CAA in order to save time in assessment. Kappa, Mu and
Xi, in particular, noted that giving feedback for an assessment could be time-consuming,
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particularly for longer coursework in which students are expected to express their con-
ceptual understanding. Mu noted that ideally feedback would comprise “me sitting in a
room with each individual”, but that would not be realistic. The feedback that the CAA
system offered was static, but it was timely. This proved to be a sufficient mitigator
given that there were alternative sources of feedback, such as through their tutors.
Mu also wished to establish that students had satisfactorily developed the ability to carry
out certain procedures. Therefore, Mu’s aims for CAA was to assess students on their
procedural knowledge in a timely and efficient manner.
Other lecturers expressed aims for assessment that were not necessarily realised by using
the CAA system alone: Lambda and Nu wished to encourage students to be able to apply
their knowledge freely to a variety of contexts; Kappa and Mu wished to test students
beyond the procedural content of the course; and Xi and Omicron aimed to provide a
means of assessment that was fair and accessible to their students.
Conditions under which the CAA system is effective for the lecturers
The interviews gave evidence that the lecturers had multiple identities, which had an
effect on the way they used the CAA system. As well as being mathematics lecturers,
they were also mathematicians. Furthermore, there were expectations placed upon them
as researchers or experts in their fields. These identities sometimes caused primary
contradictions (Engeström & Sannino, 2010) within the subject of the activity. Therefore
it is important to discuss multiple identities and their potential impact on activity.
Stetsenko and Arievitch paraphrased Leont’ev’s (1978) belief that “the human self has no
history, and no logic of functioning and developing, beyond the history and logic of func-
tioning and developing of human practical purposeful activity” (Stetsenko & Arievitch,
2004, p. 484). That is, one can only make deductions about a person’s identity by
observing their actions.
Roth (2007a, p. 56, emphasis in original) gave the following example: “We do not know
who a person is independent of the actions of that person. Being shown the middle finger
by another car driver, we may think, ‘he is a rude person’. . . Attributions about how who
someone is are made based on observable behaviour (actions).” Here, Roth noticed that
there is historicity to human actions that help others to develop an impression of that
person’s identity.
Therefore, there is a social and historical importance attached to actions: once an indi-
vidual performs an action, others develop an impression of that person that persists after
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the action has been completed. There remains a question of the effect that perceptions
of identity formed by others has on the actions of that individual.
Nkomo and Cox Jr (1999) wrote about social identity theory: particularly noting that
an individual’s notion of their own identity can be influenced by external factors. They
suggested that individuals respond to the expectations that are put on them, even if they
do not consciously accept this as part of their identity. They gave an example of gender:
individuals may act within expectations for their gender if they do not necessarily regard
their gender as important to their identity.
This supports the idea that individuals may act in accordance to expectations placed
upon them, even if they do not readily share these expectations in the interview: partic-
ularly since they may not be consciously observed. Kappa had expectations placed on
her as a leading researcher in mathematics education, yet she did not mention this in
her interview.
It is not a straightforward task to offer an objective interpretation of the impact of
identity on activity, since not all of the many facets of a person’s identity will be discussed
in an interview. Furthermore, as Nkomo and Cox Jr (1999) suggest, the individual may
not be aware enough to be able to share all that is relevant to the study.
Identity is important, however. Reay and Wiliam (1999) suggested that there was a
bilateral link between identity development and activity: in their study, children spoke
about themselves as a consequence of their activity (“I’ll be a nothing” refers to a child
that used this phrase to describe her prospects after scoring poorly in assessment).
While past activity has an effect on identity development, Reay and Wiliam noted that
identity development resulted in changes in activity: social activity in particular. They
noticed that the assumption of different identities within the classroom created a hierar-
chy of ‘cleverness’, resulting in “more individualised, competitive ways of working, which
were increasingly displacing the mutually supportive, collaborative group work to which
the children were accustomed” (Reay & Wiliam, 1999, p. 351).
Kappa faced multiple identities that challenged the way that she acted. Her activities
associated with her identities competed for time; therefore, she was often addressing ter-
tiary contradictions (Engeström, 1987b) between activities. Her identities as researcher,
expert and lecturer were partly constructed from her activities, but also as a result of
the interpretation of her activity from the communities to which she had become known.
In particular, her reputation as a mathematics education expert was initiated by her
activity as a researcher, but developed as her work became known in the mathematics
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education research community. This duality between activity-developed (internal) iden-
tity and socially-developed (external) identity places internal and external expectations
on the way the individual acts (Nkomo & Cox Jr, 1999).
She was keen to develop her course materials, to make them more technology-based and
interactive. However, she found that this would impact on her ability to carry out her
other activities, which were related to other identities. In resolving these contradictions,
she ended up developing what she could but accepting that she could not realistically
achieve everything that she would desire.
With regard to CAA, Kappa accepted it as a tool that satisfied most of her aims but
could not fulfil all aspects of assessment that she required. She felt that it was not as
robust or as challenging as was needed, but in the absence of time it was satisfactory.
Other lecturers had similar experiences of tertiary contradictions with other academic
activities. Mu was a successful mathematics education researcher and a successful math-
ematics lecturer; she used her research to inform her teaching, and her teaching to inform
her research. She felt that the system, in its current state, helped to free up her time
so that she could spend more time on other aspects of her teaching or her research;
developing the system would require considerable time that she could not spare.
Nu had experience of developing the system, and found that it took a substantial amount
of time to do so. Having made those changes, he felt that the reward was insufficient
to warrant further improvements. Therefore, he offered alternative assessments and
individual feedback to those students that requested them; he found this to be less time-
consuming and more rewarding.
The interviews also provide evidence of the lecturers’ identity as a lecturer being a
motivation to develop practice. Lambda and Xi gave notable examples of how their
identities as lecturer gave them a sense of responsibility towards their students to do their
best to provide equitable and useful assessment. They both drew upon their previous
experiences — Xi, most notably, as a secondary school teacher — to empathise with
their students and to critically examine their own practice.
While the lecturers had reached a stable practice of using the CAA system with their
students, it was clear from the interviews that they continued to face contradictions
between their aims for assessment and what could be achieved from using the CAA
system. These contradictions became the limiting factor for the CAA system to remain
effective. Making the assessment effective for more of the lecturers’ aims would require
addressing these contradictions.
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Making the CAA more effective for lecturers
One might be tempted to believe that lecturers have greater power to achieve their aims
through assessment than a student would: after all, they decide on the type of assessment,
the assessment tool, the timescale of delivery, the marking, the questions that appear
in the assessment, and so on; whereas the student merely receives an assessment and is
expected to complete it on the instruction of his or her lecturer.
However, this section highlights the fact that lecturers face contradictions when using
assessment and there are constraints that limit the freedoms and power they have when
offering assessment to their students.
Feedback A common contradiction among the lecturers’ responses was that the feed-
back provided by the CAA system was static and impersonal. Lambda, Mu, Nu and
Xi felt that the feedback offered to students ought to be more individual and tailored
to the students’ responses. Nu believed that because the feedback was so static and
unresponsive, it could not be considered to be true feedback. Lambda believed that this
was not realistically achievable without a human providing feedback.
The lecturers responded to this contradiction in different ways.
• In Lambda’s case, the practice tests offered static feedback, but he was able to
provide individual feedback in the summative test that he designed to be performed
by hand.
• Mu felt that the feedback was adequate for the level of understanding that the CAA
system was testing at; that is, for assessing at the procedural level of knowledge, the
feedback offered students the direction they needed to grasp the methods required
of them.
• Nu asked students that wished to obtain additional feedback to approach him.
• For Xi, this contradiction remained somewhat unresolved: she was aware that the
feedback did not always help those students that were struggling with the material,
but had not changed her practice.
The feedback, alone, was responsible for divergent practices. More than half of the
lecturers were satisfied enough to continue to use the feedback in its current state; Mu
and Xi were less satisfied but continued this practice nonetheless; Lambda and Nu both
offered opportunities for more detailed feedback.
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Lecturer Contradictions faced
Kappa
• Wanted to encourage more conceptual understanding; felt CAA
encouraged instrumental learning
• Used CAA to save time with assessment; also using projects to
assess conceptual understanding, which are time-consuming
Lambda
• Wanted to encourage flexibility and dexterity in applying math-
ematical knowledge; felt CAA encouraged context-dependency
• Believed a human aspect was necessary in assessment; CAA re-
moved the human aspect from assessment
Mu
• Wanted to give students individual feedback; CAA offered static
feedback
• Was aware of potential cheating; cohort too large to invigilate
the tests
• Wanted to encourage students to practise; CAA encouraged stu-
dents to practise too much
Nu
• Was aware of potential cheating; cohort too large to invigilate
the tests
• Wanted to “change [the students’] view of what it means to do
mathematics”; felt CAA encouraged context-dependency
• Wanted to give feedback that responds to the student’s work;
CAA feedback was static
• Wanted to limit the number of attempts students made; CAA
system did not adequately handle this change
• Wanted to ask more challenging questions; CAA was limited in
types of questions it could ask
Xi
• Wanted to encourage students, particularly the weaker students;
CAA marking was harsh and demotivating
• Wanted to direct students towards improvement; felt the CAA
feedback was not helpful to the weaker students
Omicron
• Wanted to develop new questions for the system; it was time-
consuming and onerous to write new questions
• Was keen for students to practise while using the system; felt the
current bank of questions were not the most effective for this task
Table 5.10: Contradictions that lecturers faced when using CAA
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Questions in the CAA system There were further contradictions with some of the
questions that the CAA system presented to students. Kappa felt that, overall, the
questions were not sufficiently challenging; Lambda felt that the questions encouraged
dependence on a narrow range of contexts; Nu felt that the questions lacked significant
challenge to his students; and Omicron was unsatisfied with the question bank and
wanted to write new questions for the system.
As with the feedback, the lecturers responded to their issues with the CAA system
questions in divergent ways.
• Kappa dealt with the insufficient test of conceptual understanding by introducing
group projects that permitted students to explore a range of contexts and apply
their conceptual knowledge.
• Lambda used the summative tests as a means to introduce new contexts to the
methods that students were expected to be able to use. This, in turn, helped
to prepare students for the exam and facing unfamiliar contexts. He also offered
students additional, optional practice questions.
• Nu offered students additional tutorial questions to introduce new concepts. He
wrote some new questions for the CAA system question bank.
• Omicron attempted to write new questions for the question bank, but found this
was not a satisfactory way to overcome the contradiction. She enquired about
introducing a new CAA system that was able to handle new question types.
Kappa, Lambda and Nu responded to the contradictions they faced with regard to the
questions by offering additional means for students to explore their conceptual under-
standing and contextual dependency. This response also triggered a further contradic-
tion: the CAA system was intended to save lecturers’ time, yet they were faced with
having to spend more time addressing the shortcomings of the questions.
In Kappa’s case, she was satisfied to use an additional form of assessment. On the one
hand, the CAA system was useful in saving time in testing students’ procedural ability;
on the other hand, project work allowed students to work in groups and develop their
conceptual understanding. She believed that the time spent on marking the projects was
offset by the time saved in offering the CAA tests.
In Lambda’s case, offering a paper summative test fulfilled many of his aims for as-
sessment. Not only did it allow him to expand the students’ experience of the real-life
contexts in which the mathematical methods could be used, it also allowed him to retain
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the human aspect of assessment that he believed was necessary. Therefore, he felt that
the time spent in this exercise was necessary.
In Nu’s case, few students had approached him for feedback. Thus offering this oppor-
tunity for additional feedback did not have a significant impact on his time.
For Omicron, the contradiction remained somewhat unresolved. Although she had at-
tempted to develop new questions for the system, this proved to be an ineffective response
to the problem. She continued to search for alternative systems that would ask the type
of question that she wished to pose to students.
The students’ approach to CAA The interviews highlighted a potential problem
in that the lecturers tended to be unaware of how the students conducted the tests.
For some lecturers, this was a concern in those tests that were not invigilated. Only
Xi appeared to have an awareness of how students approached the tests; otherwise, the
lecturers could only speculate.
Because of the lack of awareness in how students approached these tests, many of the
lecturers expressed some concern as to how students approached the tests and whether
some may be cheating unbeknownst to them.
Lambda felt that not invigilating the summative test reduced his trust in the results.
Mu and Nu were unable to invigilate the summative tests since the cohort was so large;
therefore, they allowed the students to conduct the test without supervision. They were
aware that cheating may have taken place. Xi had both experienced cheating in the
summative tests, while Nu and Omicron had suspicions of cheating.
These lecturers responded to this contradiction in the following ways.
• Kappa invigilated the summative test to ensure that she could trust the CAA scores
given to students.
• Lambda invigilated the summative test to ensure that he could trust the CAA
scores given to students.
• For Mu, the CAA scores did not have a significant contribution towards the stu-
dents’ module results.
• Nu also felt that the CAA scores did not have a significant effect on the students’
module scores.
• Xi invigilated the test and was more proactive than the other lecturers in monitor-
ing student activity by examining their data logs collected by the CAA system.
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The issue of cheating in assessment is important to consider. Knight (2002) argued that
the reliability of an assessment is in part determined by the correlation between evidence
and criteria: that is, the assessment must be an adequate test of the criteria for success;
and likewise the scores given to students in an assessment must indicate how well the
students have performed in relation to those criteria. When that is not the case, the
“conclusions are much less reliable, because the goodness of fit between evidence and
criteria has to be inferred” (Knight, 2002, p. 277).
Cheating, then, erodes the trust that assessors — in this case, the lecturers — have in the
relationship between students’ scores and the extent to which the students have achieved
the assessment criteria. Omicron commented that it is a requirement to assign students
a score based upon their performance; thus if these scores are not reliable measures of
student performance, then the assessment fails to achieve this basic aim.
The disparity between scores and achievement, therefore, creates a contradiction against
the lecturers’ aims to give an indicative and reliable score of their students’ achievements.
It is telling that the lecturers responded to this contradiction in different ways. In the
cases of Mu, Nu and Omicron, the opportunities for students to cheat were more prevalent
since the test was not invigilated; however, they believed that the CAA scores bore such
little significance to the module marks and the degree classifications students received
that no further action was necessary. Kappa, Lambda and Xi had decided to invigilate
their tests in order to maintain the integrity of the summative test.
The split between the two groups of lecturers with regard to their response to the cheating
problem also aligns with whether the cohort they were teaching mathematics students or
engineering students: those teaching mathematics students tended to be less concerned
by cheating than those teaching the engineering cohorts. Furthermore, the CAA system
between the two groups was subtly different insomuch that the question banks were
different between the mathematics and the engineering departments.
The engineering bank of questions was developed as part of a project that also included
compiling workbooks; these workbooks were used in many of the engineering mathemat-
ics modules. Using these resources helped to create consistency between modules; the
CAA system was seen as integral part to the teaching and assessment in the module
courses. Therefore, the lecturers’ responses may have been influenced by the perceived
need to maintain existing practice.
While one lecturer had evidence of students cheating and another lecturer had strong
suspicions that cheating was taking place, a particular problem that led to the lecturers’
questioning of their trust in the CAA system was that they were broadly unaware how
the students were undertaking the CAA tests.
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Student collaboration Within the contradictions of the students’ approaches to un-
dertaking the CAA tests was the extent and ways in which the students collaborated in
both the practice and summative phases of the CAA testing regime.
The interviews identified that the lecturers tended to have preferences or suggestions as
to how the students can engage with collaboration to maximise their learning. However,
both the interviews and the questionnaires indicated that lecturers had not shared these
preferences and suggestions with their students. Certainly, most lecturers were willing
for their students to collaborate in their mathematics modules as a means to discuss the
mathematics and to help grasp the methods required; however, this did not extend to
policy or advice for students to follow when conducting CAA tests.
Indeed, during the interview, Nu identified that there was a “grey area” in terms of the
plagiarism policy, since the policy only appeared to apply to written work, yet he could
give feasible examples of student actions that he would consider cheating that related to
improper collaborations: “They can have a group of five standing around while they are
taking the coursework test and they they could move onto the next person. I have no
way of knowing whether that happens. I think that, clearly, would be a violation of the
coursework policy.”
This illustrates the problem that lecturers had: they would be encouraging of collabora-
tion between their students, but they would be unaware how those collaborations worked
in practice. Some lecturers suggested how students should collaborate but appeared to
have little confidence that students actually worked in this manner. As Nu pointed out,
there are ways in which collaboration could be construed as plagiarism.
While invigilating the test removed the problem of plagiarism affecting the students’ test
scores, the problem that students might not have been learning effectively by engaging
in ineffective collaborations remained. Omicron, in particular, felt that there would
continue to be a disparity between those that grasped the material quickly and those
that required more explanations if the weaker students did not ensure they had learned
the topics independently.
• Kappa and Xi addressed this contradiction by offering students the opportunity to
engage in collaboration formally in a group project. In these projects, the ways
in which the students collaborated were more closely scrutinised. In effect, these
projects created the opportunity for students to learn how to collaborate effec-
tively when dealing with newly acquired mathematical knowledge and unfamiliar
contexts.
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Lecturer Interpretation
Kappa
• Encouraging of collaboration
• Concerned about cheating; therefore invigilated the summative
test
Lambda
• Encouraging of collaboration
• Was concerned he might appear less approachable than students
• Concerned about cheating; therefore invigilated the summative
test
Mu
• Encouraging of collaboration
• Wished for students to discuss the mathematics between them-
selves
• Was not concerned about cheating
Nu
• Encouraging of collaboration
• Believed that students may be cheating inadvertently
• Was not concerned about cheating
Xi
• Encouraging of collaboration
• Concerned about students being isolated
• Concerned about cheating; therefore invigilated the summative
test
Omicron
• Encouraging of collaboration
• Concerned about students not collaborating effectively
• Was not concerned about cheating
Table 5.11: Lecturers’ interpretations of collaboration in CAA testing
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• Mu and Omicron believed that the students should develop the autonomy to learn
how to work effectively, whether alone or with others. They suggested that those
students that were collaborating ineffectively and were relying on others to aid
them in assessments would be caught out in the exams anyway.
• Lambda was concerned that students may have worked too independently and
would rather students have collaborated if they viewed him as unapproachable or
daunting.
• Although Nu had expressed concern that students might have cheated in some
tests and that there were certain actions that he would have construed as cheating,
he held a similar view to that of Mu and Omicron: the effects of ineffective or
inappropriate collaboration were minimal in the long term.
Establishing the extent to which the CAA system proved effective for the lecturers de-
mands the examination of the lecturers’ aims for this kind of assessment and whether
those aims were satisfied.
The interviews provided evidence that the lecturers had adopted many aims for CAA:
some of these were achieved and others were not. Those others that were not achieved
caused some of the contradictions that the lecturers faced.
Table 5.12 shows that there was one lecturer that was content that their aims were
satisfied by using the CAA system and had adopted practices that allowed them to
overcome the contradictions they experienced. In Lambda’s case, his use of the CAA
system had reached a stable practice.
For the other lecturers, contradictions remain because there are aims that are not satisfied
by the CAA system. Therefore, it is possible that the practices that these lecturers
employed had not reached a steady state and there may have been changes to those
practices since.
However, it is important to note that many lecturers had already responded to the
fact that the CAA system did not satisfy those aims. Kappa, Mu and Xi stated in
their interviews that other types of assessment were in place to satisfy their remaining
aims. In the cases of Mu and Xi, there was regret that the CAA system was not able
to satisfy all their aims for assessment. However, Kappa was content that her aims
for assessment were satisfied by offering a range of assessment types. She felt that
only offering assessment through the CAA system would leave mathematics learning
“impoverished” and, therefore, offering projects to her students resulted in her use of the
CAA system being more effective.
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Lecturer Aims satisfied Aims not satisfied
Kappa
• Enable students to practise
• Test students quickly and
save time
• Test conceptual understand-
ing
Lambda
• Encourage students to work
between lectures
• Enable students to practise
• Differentiate between stu-
dents
• Prepare students for a variety
of contexts
Mu
• Test a large number of stu-
dents quickly and efficiently
• Test students on their ability
to carry out procedures
• Enable students to practise
• Establish the extent to which
the students have grasped the
content
• Test whether students are ca-
pable beyond the lecture con-
tent
Nu
• Encourage students to work
between lectures
• Consolidate learning that
happens in lectures
• Expand and develop stu-
dents’ views of what “doing
mathematics” is
Xi
• Provide a fair means of assess-
ment
• Enable students to practise
• Encourage students that are
struggling with the content
Omicron
• Allow students to monitor
their progress
• Enable students to practise
• Provide a convenient form of
assessment for students
• Test conceptual understand-
ing
Table 5.12: Lecturers’ aims that were satisfied and not satisfied by the CAA system
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This leads to the conclusion that Lambda found the CAA system to be most effective,
albeit having replaced the summative test offered by the CAA system with his own
paper test. Doing so allowed him to resolve his own contradictions when using CAA: he
wanted to retain a personal connection to his students during assessment and he wanted
to expand his students’ experiences of the contexts in which the mathematics they were
learning could be used. Although this meant that more time was required to mark the
summative assessment — which, in itself, created a contradiction against the promise
that CAA would save time in assessment — he viewed this compromise as necessary and
reasonable.
The other lecturers found the CAA system to be an effective assessment to an extent;
however, the scope of effectiveness appeared to be less than for Lambda. Kappa had
reached a stable practice for her use of the CAA system and found the system to be
effective for her goals. However, the effectiveness of the CAA system relied upon the
use of an additional means of assessment to satisfy the goals that could not be reached
with CAA alone. Therefore, Kappa had reached a compromise in which she forewent
one of her aims for assessment when evaluating CAA on the satisfaction that it would
be accomplished by the group projects.
For Mu and Nu, CAA practice also appeared to be stable. The main concern was
to encourage students to practise between lectures and to become accomplished in the
carrying out of the necessary procedures that were taught in the lectures. They conceded
that the CAA system was not effective for testing students beyond lecture content or
for testing conceptual understanding. Mu and Nu believed that the low contribution to
the module score from CAA scores is reflected by this lack of capability. Consequently,
they believed that the CAA system offered an important aspect to the course, but other
assessment types were required to fulfil their aims for assessment.
There remained concerns that the CAA system was not satisfying aims that were funda-
mental to Xi’s requirements for assessment. She was particularly concerned that strug-
gling students were not able to progress under this assessment regime. While it satisfied
her other aims, Xi was unable to resolve this contradiction at the time of the study.
Therefore, the author concludes that her practice was prone to change as she sought to
overcome this contradiction.
Xi was particularly attuned to her students’ needs and concerns. Indeed, it was this
awareness that made her more knowledgeable of her students’ actions during CAA testing
and the shortcomings of the CAA system that raised this contradiction. This made the
likelihood of a change in practice greater.
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Omicron was keen to change the CAA system in its entirety. Although Xi appeared to
be the least satisfied with the system, Omicron was the only lecturer that had expressed
a desire to change the system and had made enquiries to make such a change. Although
her practice and outlook with regard to the CAA system compared with Mu and Nu,
Omicron gave the clearest indication that the lack of the capability to test conceptual un-
derstanding presented a significant contradiction for her practice. Nonetheless, Omicron
remained content that the existing system satisfied some of her aims for assessment: it
enabled students to practise between lectures and it was convenient for them. However,
she believed that other CAA systems would satisfy these aims equally well and could
offer the capability to assess conceptual understanding. Thus while the CAA system was
effective for Omicron’s aims to an extent, it was not effective for the most important of
her aims.
5.2.3 Summary
Lecturers are intrinsic to the activity of CAA. Ultimately, they determine how the tests
are administered, which questions appear in the tests, and to what extent the tests have
a role in determining the students’ overall achievement in their modules. While students
have their own aims for assessment, it is clear that lecturers have their own aims and
how they use the CAA system is, in part, determined by what they wish to achieve.
All of the lecturers were subject to the expectations of the mathematics department
— and for those teaching mathematics to students from the engineering departments,
additional constraints may have applied. Yet above and beyond these requirements, this
study identified a number of different motives that lecturers have for assessment more
generally.
Some of the lecturers saw summative assessment as preparation for the module exam
and for differentiating between students of different levels of accomplishment. Some
regarded summative assessment as an opportunity to provide feedback to the student
and encourage them to practise between lectures. Some felt that summative assessment
was the opportunity to assess students beyond the lecture content and to determine the
extent to which students understood concepts.
These requirements that are not imposed onto them by the department and the wider
university community may have come from their identities as lecturers, mathematicians,
engineers and researchers. These identities sometimes cause primary contradictions
Engeström (2014), which results in one identity becoming a dominant, leading identity
(Black et al., 2009).
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The leading identity for an activity develops within a figured world (Holland et al.,
1998a). Figured worlds are imaginary spaces that individuals inhabit, making infer-
ences about the values of their communities. For a lecturer, this space includes the
culture and community of a university; their interactions with students, other lecturers
and researchers; and their histories. Gustin (1985) noted that lecturers formed their
own notions about mathematics during their studies; in particular, they formed their
own identities as mathematicians as students and adopted elements of their teachers’
approaches to mathematics. The complexities of the formation of their leading identity
resulted in these individual approaches to assessment and differing opinions on what is
important.
Consequently, lecturers’ practices differed as a result of their need to satisfy their re-
quirements and those of their departments. This resulted not only in differences between
their CAA practices, but also in their approach to assessment regimes in the modules
overall.
The lecturers found that the CAA system was effective for the requirements of the
department: it was an apparently ‘fair’ assessment in that the students were marked
consistently and the students obtained the same level of feedback. It also largely satisfied
the needs that they had in common: it encouraged students to practise between lectures
and they received timely feedback.
However, they found that there were some aims that were not satisfied by the CAA
system. The system was not able to assess students on their awareness of concepts to
the extent that some of the lecturers required. A few lecturers commented that students
were not being exposed to different contexts or being tested beyond the lecture content.
In response to these contradictions, some of the lecturers have been reviewing their
practice. Some lecturers have used paper tests instead of invigilated online tests to add
rigour and diverse contexts. Some lecturers added a coursework component to their
assessment regime in order to assess their students’ conceptual understanding.
This led to a diversity of practice and some residual dissatisfaction with the CAA system.
While the lecturers had reached settled states in terms of their practice, there remained
a desire from some lecturers to change the system in its entirety. For these lecturers,
the CAA system fulfilled an important function in allowing students access to regular
practice and feedback; however, they believed there was potential in a new system to
address the shortcomings and contradictions that remained.
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5.3 Summary
The lecturers and students that participated in these studies — and the interviews, in
particular — gave the opportunity to critique the CAA system for its effectiveness and
where there were opportunities for improvement. This summary uses the findings from
the lecturers and the students to answer the three research questions.
5.3.1 What makes an assessment “effective”?
The interview studies confirmed that each individual has their own aims for assessment,
which are not merely due to their role in assessment. Between students, there are those
that are aiming to get full marks in assessment, and those that are merely wishing to
pass. Nonetheless, all the students related their aims in terms of the marks that were
on offer. They could appreciate the cultural value of earning marks, since they would
inevitably lead to their module score and, eventually, their degree classification.
Some students had other motives for learning. They might have had particular vocations
in mind when choosing their subject of study, and their work towards a degree was
motivated by a desire to get a particular job. In this case, the students’ identities
informed their goals. In some cases, this meant that they were seeking knowledge and
understanding that would be useful in that role. For them, an effective assessment would
ideally have helped them to acquire that knowledge and understanding.
One student in the study was motivated by deepening his understanding for its own
sake. He regarded mathematics as intriguing and interesting. For this kind of student,
an assessment tool that would test conceptual understanding and give challenge beyond
the expectations for procedural awareness would be more effective.
There were also differences in what lecturers were hoping to achieve in assessment. Most
were keen to encourage students to practise using the procedures they had been taught
in lectures, but the awarding of marks was a low priority. However, the lecturers were
pressed for time since they had other responsibilities. Thus assessment exercises that
were quick and straightforward to administer to students and handle feedback would be
effective for lecturers.
However, they also wished to assess a wide range of skills and understanding. In terms
of mathematics assessment, this can be difficult since mathematics itself can be diffi-
cult to communicate. There was also a desire to encourage students to become more
autonomous agents in assessment: ideally students would develop the skills to monitor
Chapter 5 Analysis 149
their performance and identify their own weaknesses through self-regulation and assess-
ment.
There was also a desire for assessment to be objectively fair and consistent, which was also
a requirement from the department and the university. Students also desired this fairness
and consistency; they wished to be credited fairly for what they knew and understood.
5.3.2 Under what conditions is the CAA system an effective assess-
ment?
The CAA system was effective for all the students in the interview study to some extent.
All the students in this study were aiming to achieve a particular mark in the assessment
and, for the most part, the practice tests enabled them to achieve these aims. This made
the practice tests an intrinsic component of the assessment; from the interview data, it
would seem that the CAA system might not have been as effective had it consisted solely
of the summative tests.
However, the scope for the system to be effective was limited by the students’ inability
to choose more challenging learning goals after the summative test. The summative test
was regarded as the end of learning, after which they could gain no further credit for
learning.
As for the students, the CAA system was effective for the lecturers in the interview study
to some extent. It offered regular assessments to students, who could take responsibility
for managing their own time to complete the assessments, and gain immediate feedback
from which they could improve.
It also achieved the lecturers’ aims to encourage students to use the lecture content on
problems between the lectures. Indeed, the students reported in the questionnaires and
in the interviews that they would commit substantial time and effort to ensuring that
they could carry out the procedures that were asked of them for the summative test.
The tests were also regarded by students and lecturers as being objectively fair. While
randomisation of the questions minimised the possibility that two students would face
exactly the same test, the questions were similar enough between tests to ensure there
were no differences in difficulty. Students also trusted the CAA system to be accurate
in its marking, though the lecturers had reported instances when the solutions stored in
the CAA system were incorrect.
Both lecturers and students were broadly satisfied with the feedback, insomuch that
the students could identify where they had gone wrong and improved their approach to
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the question. However, it was a concern for the lecturers that the students were too
dependent on the feedback, and some had learned to mimic the methods given in the
solutions. It was also reported in an earlier focus group that some students believed that
it was possible to pass the test without attending the lectures (Broughton et al., 2012).
5.3.3 What would make the CAA system more effective as an assess-
ment tool?
Identifying where the assessment ceases to be effective offers the point at which the
assessment could be made more effective. For the students, the limitations come largely
after the summative assessment. This occurs because students are unwilling or unable
to acquire new learning goals.
The lecturers also feel that the CAA summative test results are not necessarily good
measures of a student’s understanding or learning. That is, the goals that students set
for themselves in terms of marks do not reflect the depth of understanding that lecturers
desire to see in their students.
These indicate that there is a need for students to acquire learning goals after the CAA
summative test, or for the CAA system to be able to assess students to a depth of
understanding that is not currently available.
In Eta’s case, he had goals beyond what the CAA tests could offer him. He desired
more conceptual understanding and wished the CAA tests could guide him towards his
goals. It is not just the CAA system that prohibited Eta to achieve his learning goals:
he also found that his other learning commitments and the lack of time made pursuing
his goals impossible. Consequently, the effectiveness of the CAA system ceased once he
had completed the summative test.
Both lecturers and students found that time was a barrier towards extending the scope
of effectiveness for the CAA system. The students were under pressure to complete
assignments and were managing their time between different modules. Lecturers found
it hard to find time to make improvements to the CAA system: Nu had attempted to
write more questions, but found this process was not straightforward and yielded little
benefit.
The lecturers tended to use the CAA system as an exercise for students to complete
to supplement their learning. The marks they were allocated were sufficient enough to
encourage students to use the tests, but not substantial enough to make a significant
contribution to their overall module grades. For the mathematics lecturers, this meant
that cheating was not unduly concerning; for the engineering lecturers, there remained
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a desire for the marks to indicate where students were struggling. The engineering
lecturers were keen to prevent students from collaborating the summative test, and so
used invigilation of the summative tests to prevent cheating.
In order to address these contradictions between their aims and what the CAA system
offered, the lecturers adopted diverse practices. Some used alternative forms of assess-
ment to assess students on their conceptual understanding; one lecturer used summative
tests conducted on paper instead of online to introduce real-life contexts and additional
challenge to students.
While these diverse practices extended the effectiveness of the lecturers’ assessment
regime, this diversity had an impact on the effectiveness of the CAA system for stu-
dents. Theta found that the change in practice affected her ability to pass the tests. It
would seem that Theta had become dependent on the context of the CAA system ques-
tions, which resulted in her becoming confused when real-life contexts were introduced
in the second semester.
Theta’s scenario showed that there was a problem with the contextual dependency on
the CAA system, and that some students could not apply their knowledge to a context
that was not familiar to them. For the lecturers that conducted the summative test
in this way, it helped to identify these shortcomings in the students’ awareness and to
differentiate between students’ levels of understanding. However, Theta merely wished
to pass the test and neglected to return to the practice tests after failing the summative
test; the CAA system ceased being effective for her at this point.
This case, too, exemplifies the belief that a summative test represents the conclusion
of learning. The students rarely revisited the practice tests after the summative test,
though some did so to revise for their exams. The lack of a tangible reward for continuing
learning beyond the summative test is pervasive and was a significant limiting factor to
the scope of effectiveness for the CAA system.
It highlights a need for a shift in the community towards a cultural reward for continued
study. Although the marks awarded cannot change after a summative test, there may be
other rewards to be had — for example, it may be encouraged as a means to prepare for
a future course, or for a side project, or for revision for exams. The interview study with
students suggested that there needs to be an ulterior motive for students to invest time
in further study: even when students are already engaged and interested in pursuing
deeper understanding.
This could also be achieved by ensuring that the CAA system offers the depth of challenge
that lecturers desire. However, while Nu had attempted to write new questions for the
system, he did not find it to be worthwhile and required significant time investment. The
Chapter 5 Analysis 152
lecturers, as a whole, were not convinced that the CAA system could assess students to
level of conceptual understanding that they desire. This led to some lecturers using an
alternative assessment tool, used alongside the CAA tests, and some to replace aspects
of the CAA system with a paper analogue in which the questions could probe a student’s
conceptual understanding.
While these responses from the lecturers mitigated against the limiting factors of the
CAA system’s scope of effectiveness, they do not address the limiting factors themselves.
The students’ reticence towards setting new goals — particularly towards those aimed at
their conceptual understanding — could be addressed by setting questions that aim to
test their understanding to this level. Nu had tried to achieve this, and found that the
process was time-consuming: investment in developing questions that tackle conceptual
understanding could address this problem.
Lambda had replaced the summative CAA test with a paper test, since he felt that
students were becoming dependent upon the context of the CAA questions. This was
observed in another module, where Theta failed tests in her second semester in a similar
paper-based test. This somewhat legitimises Lambda’s concerns about students’ context-
dependency. This could be addressed by introducing questions that test students’ ability
to apply their knowledge to unfamiliar contexts — Lambda was keen to introduce feasible,
real-world problems for students to solve using their prior knowledge.
Chapter 6
Conclusions
The purpose of this final chapter is to review the findings of the student and lecturer
studies in light of what this project intended to achieve. It begins with a discussion of the
initial problem in evaluating an existing assessment tool and how the model for effective
assessment was derived from the literature and the theoretical framework. Next, the key
findings from the studies address the research questions and provide a response to the
initial problem. Finally, this chapter discusses how the findings of this research may be
used elsewhere.
6.1 How can an assessment tool be evaluated?
The purpose of this research was to evaluate a computer-aided assessment (CAA) system.
However, the literature exposed the lack of a rigorous evaluation of mathematics-based
computer-aided assessment: either for specific systems or for its use generally. There are
many practitioner-based accounts of introducing such systems in institutions or individ-
ual courses; many of these reported the positive effects and lacked a critical evaluation,
leaving many long-term effects unreported.
The intention of this study was to examine the scope of effectiveness of one CAA system
for both student and lecturer users and to provide such an evaluation. An earlier focus
group study and informal conversations with lecturers had offered some insights into
their practices and some of the issues they had experienced.
Choosing a theoretical framework was important for developing an evaluation framework
informed by theory and literature. Cultural-historical activity theory (CHAT) offered a
framework that modelled individuals engaged in social activity, motivated by need and
mediated by tools. Assessment is a typical human activity in that regard, and assessment
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is a culturally-created tool that enables students to prove their learning. Thus the ability
to demonstrate that learning has taken place is crucial to the success of an assessment;
calling it “effective assessment” defined this characteristic of the learning tool.
Cultural-historical activity informed several important elements of the model for effective
assessment. CHAT holds that all human activity is purposeful and that individuals are
influenced by their culture and history when forming goals. Therefore, students and
lecturers will always have aims when embarking on assessment, and they will form their
aims individually with influences from colleagues and further afield. This model offers a
measure of an assessment’s effectiveness; a critical narrative of students’ and lecturers’
use of the assessment tool identifies where the assessment has been effective and is no
longer effective for those individuals.
It was important to establish the students’ and lecturers’ aims in order to understand why
their activity diversified. The model for effective assessment proposed that effectiveness
should be measured with respect to the learning aims of students and lecturers; in other
words, an assessment would be deemed to be effective while it fulfils the intentions of
those using it.
The notion of internalising and externalising information in the learning process arose
from Engeström’s (2001) work on expansive learning: students acquire knowledge from
external sources and internalise this information; they must then externalise this in-
formation to demonstrate their learning. Therefore, the model for effective assessment
holds that assessment is an essential part of the learning process. Assessment defines the
opportunity to demonstrate that learning has taken place. Without assessment, there is
no evidence that learning has happened.
The assessment literature suggested that the process of learning ought to encourage
students to become less dependent and more autonomous. CHAT also argues that
goal-forming is cyclic: Both Engeström (2001) and Tikhomirov (1988) described goal
formation as cyclic: once a goal is reached, the individual should become more aware of
what else is achievable. Therefore, it is a condition of the model for effective assessment
that, in order for an assessment to remain effective, students must develop autonomy
and pursue more challenging goals.
While CHAT emphasises the social nature of activity, the model for effective assessment
emphasises that individuals are unique insomuch that their histories and identities are
unique, and therefore it follows that their aims and actions are unique. So while an
assessment tool may be effective for one lecturer, it might not be effective for another
lecturer or for the students. However, deductions can be made from looking at several
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case studies and identifying where an assessment has been effective and common causes
for it ceasing to be effective.
6.2 Is the CAA system an effective assessment?
When developing a model for effective assessment, the natural question to ask is whether
an assessment tool is effective; however, this is the wrong question. No assessment tool
could ever be always effective and in every case. The answer will usually be “yes, and
no”.
The model for effective assessment appreciates that students and lecturers are individuals
that seek different things from learning and, therefore, from assessment. Since their aims
are different, the assessment tool that is presented to them may differ in its effectiveness.
In other words, the extent to which an assessment is effective depends on individuals’
goals and their identities.
There are also societal and cultural impacts on individuals’ identities and their goals.
Goals may be influenced by what is culturally significant and rewarding in society. For
students, marks were commonly referenced as goals for the CAA tests. Students wish to
acquire marks because they have cultural value and significance: they will contribute to-
wards their degree classifications which, in turn, affects the student’s future job prospects.
Once the opportunity to achieve — or fail to achieve — those goals have passed, the stu-
dents did not have the motivation to pursue more challenging goals. This may be because
there were no tangible cultural rewards for doing so: there were no further marks to be
acquired, so there was an implicit cultural message that further study is not as valued.
With respect to the lecturers that were using the CAA system, there is an analogous
endeavour towards reaching a relatively stable practice where there are no contradictions
between practice and what the lecturer aims to achieve in assessment. Engeström argued
that instability and contradictions are the cause of further change — contradictions
generate “disturbances and conflicts, but also innovative attempts to change the activity”
(Engeström, 2001, p. 134) — and that this change affects others in the environment too
(Daniels, 2004).
One can envisage how a change to assessment practice during a course could have an
impact on students: it may create confusion, for instance. However, even if the change
occurs between cohorts, then there may be an effect whereby students that have previ-
ously studied on the course cannot give effective advice to members of the new cohort
about the assessment. Nonetheless, the position that CHAT holds is that change occurs
as a product of contradiction. Therefore, change is an attempt to resolve a problem and,
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thus, bring an improvement. It must be noted with caution, however, since these changes
have an impact on the community that may not always be positive.
The state of reaching a stable practice does not indicate that there are no contradictions:
they “can either enable learning to progress, or they can actually disable it, depending on
whether or not they are acknowledged or resolved” (Murphy & Rodriguez-Manzanares,
2008, p. 445). Thus there may be unknown contradictions, or issues that are simply
not acted upon. From an analysis perspective, they are difficult to identify and discuss.
However, it does make it important to note that an apparently stable practice does not
necessarily mean it is a perfect practice. Hence, a stable practice does not necessarily
mean the practice is effective.
The lecturers in this study had each reached practices that were steady. Some lecturers
were interested in changing the CAA system, or viewing other ways of incorporating
tests of conceptual understanding into the system, so some contradictions remained.
The presence of contradictions motivate change and, consequently, the CAA system was
replaced for mathematics students after the lecturer study had been completed.
6.3 How can this model for effective assessment be used
elsewhere?
A potential criticism of the model is that any evaluation of an assessment tool will have
broadly the same conclusion: it will be effective sometimes, and in some circumstances,
but not always.
However, through this research and by using the model, points were identified at which
the assessment ceased to be effective. From these points, potential changes to the as-
sessment tool could have extended the scope of its effectiveness.
The lecturers had already made adjustments to their practice in order to extend the
scope of the effectiveness of the CAA system. This had an impact on the students,
since they encountered different practices themselves and sometimes found it difficult to
adjust. Thus while lecturers yielded greater effectiveness from the assessment tool, this
came at the cost of the scope of effectiveness with respect to some students.
This study highlighted the problem that students were somewhat dependent on marks
for motivation to study. While some students may have been able to make further use of
the practice tests to ensure they could carry out the procedures, they often did not. The
summative aspect of the test is culturally understood to be the final score and there is
no cultural reward after it. To that end, this research suggests there is a need to change
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the learning culture towards an intrinsic reward for working beyond the summative test.
Assessment could be designed or modified to ensure that these higher goals are tested.
It is the intention that other assessment tools may be evaluated using this model for
effective assessment. Not only did it offer a critique of the current use from different
perspectives, it also offered opportunities to make adjustments that may extend the
scope of effectiveness.
Appendix A
CAA system examples
All figures in Appendix A are from the HELM Project (2006).
Figure A.1: An example of one of the questions in the CAA system
158
Appendix 159
Figure A.2: An example of a results page in the CAA system
Figure A.3: An example of the feedback given by the CAA system
Appendix B
Student questionnaires
B.1 Semester 1 questionnaire
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 COMPUTER-AIDED ASSESSMENT SURVEY 
Dear student, 
My name is Stephen Broughton. This questionnaire is 
part of my PhD project that examines the 
effectiveness of feedback in computer-aided 
assessment (CAA). It is likely you will experience 
some practice tests or assessed tests using a 
computerised system in mathematics modules. This 
questionnaire is designed to help us understand what 
new students expect from CAA.  
The information you provide will be confidential. We 
ask that you provide your student number so that we 
can match your responses later in the year. 
We are very grateful for your participation and helping 
us in our ultimate aim of improving CAA. 
Your student number        
!
Relationships with Mathematics 
1 In my future studies, mathematics will be 
 essential 
 very important 
 not very important 
 not important at all 
 not sure 
!
2 Ensuring I understand all the mathematics in my 
future studies will be 
 essential 
 very important 
 not very important 
 not important at all 
 not sure 
!
3 If my future studies feature more mathematics 
than I had expected, I would be 
 very happy 
 fairly happy 
 neither happy nor unhappy 
 fairly unhappy 
 very unhappy 
!
4 In my future studies, I would prefer there to be 
 a lot of mathematics 
 quite a lot of mathematics 
 some mathematics 
 as little mathematics as possible 
 no mathematics 
 not sure 
!
5 When studying mathematics in my future 
studies, I hope it will be 
 familiar mathematics that I already know 
 new mathematics that I have not done before 
 a mixture of familiar and new mathematics 
!
6 My future career will be in 
 financial 
 engineering 
 teaching 
 other (please state)  
 not sure 
!
7 In my future career, I think mathematics will be 
 essential 
 very important 
 not very important 
 not important at all 
 not sure 
!
8 What degree classification are you aiming for? 
(Please tick one) 
First class 
 (90-100 marks) 
 (80-89 marks) 
 (70-79 marks) 
Second class Division I  (60-69 marks) 
Second class Division II  (50-59 marks) 
Third  (40-49 marks) 
Pass  (35-39 marks) 
 Have not considered my degree classification 
Office use 
Approach to Assessment 
9 In mathematics homework, assignments and 
tests, which of these resources have you used 
for help? (Please tick all those that apply) 
 Class/lecture notes 
 Friends 
 Revision books 
 Teacher/lecturer 
 Internet resources 
 Other (please state)  
!
10 I use these resources (please tick all those 
that apply) 
 when I’m stuck 
 before I start, to prepare 
 at the end, to check 
!!!!
!
11 How strongly do you agree with the following statements? 
  Strongly 
disagree 
Slightly 
disagree 
Neither agree 
nor disagree Slightly agree Strongly agree 
I prefer to work on problems in a group.      
When my work is marked, I check where I 
have made mistakes.      
I find practising lots of similar questions 
helps me to understand.      
!
12 Which of these words would you associate with ‘assessment in mathematics’? (Please tick all that apply) 
 Easy  Restrictive  Safe  Perseverance 
 Pressure  Lazy  Challenging  Personal 
 Risky  Revision  Practice  Impersonal 
 Quick  Enjoyable  Time-consuming  Boring 
   Other (please state)  
!
13 Which of these words would you associate with ‘computer-aided assessment’? (Please tick all that apply) 
 Easy  Restrictive  Safe  Perseverance 
 Pressure  Lazy  Challenging  Personal 
 Risky  Revision  Practice  Impersonal 
 Quick  Enjoyable  Time-consuming  Boring 
   Other (please state)  
!
14 Are there any additional comments that you wish to make about mathematics, assessment or computer-aided 
assessment? Are there any comments that you wish to make about the questionnaire? 
 
!
15 Would you be willing to take part in an interview to discuss CAA later in the year? 
 Yes  No 
 If you ticked yes, please give us two ways in which we can contact you in the future (e.g. email 
addresses, mobile number, etc.). 
!
First contact preference  Second contact preference  
You have the right to withdraw at any stage. 
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B.2 Semester 2 questionnaire
COMPUTER-AIDED ASSESSMENT SURVEY 
Dear student, 
My name is Stephen Broughton. This second 
questionnaire is designed to help us understand how 
students use computer-aided assessment (CAA) and 
how students feel towards mathematics assessment.  
The information you provide will be confidential. We 
ask that you provide your student number so that we 
can match your responses from earlier in the year. 
We are very grateful for your participation and helping 
us in our ultimate aim of improving CAA. 
!
Your student number        
Section 1:  Practice tests
1 How many times do you usually attempt 
mathematics practice tests? (Please tick one.) 
 0 
 1-2 
 3-4 
 5 or more 
 not sure !
2 When working on practice tests in this module… 
(Please tick one.) 
 collaboration is encouraged 
 collaboration is discouraged/prohibited 
 not sure 
!
3 What resources do you use to help you in the 
practice tests? (Please tick all those that apply.) 
 Class/lecture/tutorial notes 
 Lecturers/tutorial leaders/personal tutors 
 Mathematics Learning Support Centre 
 Yellow formulae book 
 Textbooks 
 Calculator 
 Internet resources 
 Mathematical software (e.g. Maple) 
 Other (please state)  
 I don’t use any resources 
 Not applicable !
!
!
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4 In my mathematics modules… 
I use practice tests to get better scores in the coursework test.      
I keep using practice tests until I get the score I want.      
Practice tests help me to identify my weak areas.      
I prefer to work on practice tests in a pair or a group.      
When practice tests are marked, I check where I have made mistakes.      
I am happy with the support available from lecturers for practice tests.      
I find practising using practice tests helps me to understand.      !
Office use 
!
Section 2:  Coursework tests (tests that are either CAA or on paper) 
!
5 What resources do you use during coursework 
tests? (Please tick all those that apply.) 
 Class/lecture/tutorial notes 
 Lecturers/tutorial leaders/personal tutors 
 Mathematics Learning Support Centre 
 Yellow formulae book 
 Textbooks 
 Calculator 
 Internet resources 
 Mathematical software (e.g. Maple) 
 Other (please state)  
 I don’t use any resources 
 Not applicable 
!
6 What kinds of maths coursework tests have you 
experienced? (Please tick all those that apply.) 
 In-class paper test 
 In-class computer test 
 Computer test taken anywhere 
 Other (please state)  
!
7 When working on maths coursework tests in this 
module… (Please tick one.) 
 collaboration is encouraged 
 collaboration is discouraged/prohibited 
 not sure 
 not applicable since test is invigilated 
!!
8 What score do you aim for in your maths 
coursework tests? (Please tick one.) 
 90-100% 
 80-89% 
 70-79% 
 60-69% 
 50-59% 
 A score less than 50% 
 I don’t aim for a score !!!
!
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9 In this module… 
It is easy to get 100% in the coursework test.      
I would prefer to work on coursework tests in a pair or in a group.      
!
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10 The coursework test is good at testing… 
my ability to recall mathematical facts, rules and equations.      
my ability to carry out mathematical procedures and methods.      
my deeper understanding of mathematical concepts.      !
11 Which of these words would you associate with ‘computer-aided assessment’? (Please tick all those that 
apply.) 
 Easy  Restrictive  Safe  Perseverance 
 Pressure  Lazy  Challenging  Personal 
 Risky  Revision  Practice  Impersonal 
 Quick  Enjoyable  Time-consuming  Boring 
 Scary  Other (please state)  
!
Section 3:  Your aims and beliefs 
12 What degree classification are you aiming for? (Please tick one.) 
 
First class 
 (90-100 marks) 
 (80-89 marks) 
 (70-79 marks) 
Second class Division I  (60-69 marks) 
Second class Division II  (50-59 marks) 
Third  (40-49 marks) 
Pass  (35-39 marks) 
 I have not considered my degree classification 
!
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13 How strongly do you agree with the following statements? 
Coursework should help to identify my weak areas.      
Coursework should help to build my confidence.      
Coursework should challenge me.      
Coursework should help me to improve.      
Coursework should have easy and hard parts.      
Coursework should test me beyond lecture content.      
Coursework should give me detailed feedback.      
!
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14 How strongly do you agree with the following statements? 
Computer-aided assessment helps to identify my weak areas.      
Computer-aided assessment helps to build my confidence.      
Computer-aided assessment challenges me.      
Computer-aided assessment helps me to improve.      
Computer-aided assessment has easy and hard parts.      
Computer-aided assessment tests me beyond lecture content.      
Computer-aided assessment gives me detailed feedback.      
! ! ! ! ! !
Computer-aided assessment is an effective coursework.      
!
15 Are there any additional comments that you wish to make about mathematics computer-aided assessment?  
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Staff questionnaire
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CAA LECTURERS’ SURVEY ::: MAAXXX 
Dear …, 
As you may be aware, my PhD project is examining 
the effectiveness of the feedback mechanisms in 
computer-aided assessment (CAA). This questionnaire 
will help us develop a profile of the procedures, issues 
and views lecturers have with CAA. 
We would be very grateful for your input to this 
project and we invite you to respond to these 
questions with regard to MAAXXX. 
Thank you, 
Stephen Broughton. 
 
1 What aspects of CAA do you use with your students? 
  Practice tests  Coursework (summative) tests 
 
2 What feedback do students receive from the CAA you use? 
  Scores for practice tests  Scores for coursework tests 
 
 
Right/wrong indicators for practice test 
questions  
Right/wrong indicators for coursework test 
questions 
 
 
More detailed feedback from practice test 
questions  
More detailed feedback from coursework test 
questions 
 
3 When are practice tests available to students? 
  Up to one week before a coursework test  More than one week before a coursework test 
 
4 Are practice tests accessible after coursework tests are completed? 
  Yes  No 
 
5 Can students access practice tests while coursework tests are available? 
  Yes  No 
 
6 How do students complete your coursework tests? (Please tick all that apply.) 
  Invigilated computer test in computer lab  Not invigilated computer test 
 
 
Invigilated paper test that is similar to the CAA 
coursework test  
Not invigilated paper test/coursework that is 
similar to the CAA coursework test 
 
 Other (please specify)  
 
7 What is your policy on student collaboration in 
practice tests? 
Practice  
tests 
Coursework 
tests  
 I encourage it, and I have communicated this to students.   
 I encourage it, but I have not communicated this to students.   
 I discourage it, but I have not communicated this to students.   
 I discourage it, and I have communicated this to students.   
 
8 To what extent do you agree with the following statements? 
  
Strongly 
disagree Disagree 
Neither 
agree nor 
disagree 
Agree Strongly agree 
 CAA tests students’ ability to recall 
mathematical facts, rules and equations.      
 CAA tests students’ ability to carry out 
mathematical procedures and methods.      
 CAA tests students’ deeper understanding 
of mathematical concepts.      
Office use 
 9 I use CAA with my students because… 
  Strongly 
disagree Disagree 
Neither 
agree nor 
disagree 
Agree Strongly agree 
 it is easy to set CAA tests for my students.      
 it was used by a previous lecturer.      
 I am encouraged to by the department.      
 it is departmental policy.      
 students receive immediate feedback.      
 students receive good quality feedback.      
 CAA frees up time.      
 CAA is convenient.      
 CAA provides students with the 
opportunities to practice.      
 CAA provides students with the motivation 
to practice.      
 
10
a 
Have you developed or attempted to develop your own CAA questions? 
 Yes  No 
 
10
b 
To what extent do you agree with the following statements? 
 
Strongly 
disagree Disagree 
Neither 
agree nor 
disagree 
Agree Strongly agree 
 Developing CAA questions takes too much 
time.      
 It would be worthwhile to develop new 
questions each time this module is run.      
 It is too difficult to develop new CAA 
questions.      
 The existing CAA questions provide 
sufficient challenge for my students.      
 It is worth learning how to develop questions 
for the CAA system.      
 
11 Are there any additional comments that you would l ike to make regarding CAA, its 
feedback or how it is used? 
 
 
 
12 Would you be interested in taking part in an interview to discuss computer-aided 
assessment? 
  Yes  No 
 
Appendix D
Example of questions used in the
student interviews
• How has your first year been so far? Has it matched your expectations?
• What sort of student would you say you are? How well do you think you are doing?
• Tell me about your experiences of CAA so far this year.
• How would you prepare for a CAA test? Where do you do them? What else do
you have with you when you do the practice tests? So you do anything different
between the practice tests and the actual test?
• What do you aim for? Do you aim for particular scores when you’re doing CAA?
How do your CAA marks compare with other assessments that you do? Do the
marks motivate you to try harder on CAA? Would you do CAA if you receive no
marks for it?
• How common do you think collaboration is in CAA? What are your feelings on
collaboration? When does collaboration become cheating?
• Do you find CAA helpful? Does it help you to improve? What does it help you to
improve on?
• What do you like about CAA? What don’t you like about CAA? Is CAA different
from what you expected it to be at the beginning of the year?
• What makes an assessment effective for you? Is there anything that you wish to
add?
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Appendix E
Example of questions used in the
lecturer interviews
• Why do you use CAA?
• Why is CAA set up this way in your module?
• What changes might you make in the near future?
• What does CAA test?
• How have your interactions with students and other lecturers influenced the way
you use CAA?
• What are the reasons for your policy on collaboration between students in CAA
activities?
• In what ways do students collaborate in CAA exercises?
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Appendix F
Student questionnaire analysis
The preconceptions questionnaire (Q1) was completed by 688 students from across the
eight disciplines; 369 students completed the experiences questionnaire (Q2). Of these
students, 285 completed both. For most cohorts, the questionnaires were handed out in
lectures or tutorials. In the second semester, there were fewer responses for two reasons:
one, there were fewer students attending the lectures or tutorials that the questionnaires
were distributed; and two, there was one cohort for which an electronic version of the
questionnaire had to be distributed. The response rate for the electronic version was
much lower.
F.1 Cohort attitudes towards mathematics
In the first questionnaire, the students were asked to complete the statement, “In my
future studies, mathematics will be. . . ”, by choosing from “essential”, “very important”,
“not very important”, “not important at all”, or “not sure”. The responses across the eight
Subject Q1 only Q2 only Both Q1 and Q2 Total
Mathematics 102 18 90 210
Aero. and Auto. engineering 69 9 57 135
Civil engineering 43 13 37 93
Electrical engineering 43 3 3 49
Manufacturing engineering 16 14 31 61
Materials engineering 28 5 15 48
Mechanical engineering 73 14 43 130
Sports technology 29 8 9 46
Total 403 84 285 772
Table F.1: The distribution of questionnaire responses across cohorts.
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Figure F.1: Students’ perceptions of the importance of mathematics in their future
studies, separated by cohort.
disciplines were quite similar: in every cohort, more than 80% of students believed that
mathematics would be very important or essential to their studies (fig. F.1).
The students were also asked the extent to which mathematics would be important
for their future careers (fig. F.2). In their responses, they suggested that most were
interested in careers that demanded the use of mathematics; more than 70% of students
in every cohort believed that mathematics would be very important or essential.
In another question, the students were asked their preference for the amount of mathe-
matics they would be facing in their future studies (fig. F.3). The responses between the
cohorts were more different: in particular, 80% of the sports technology wanted no more
than “some mathematics” on their course; and no manufacturing students professed to
wanting “a lot of mathematics”.
This opening analysis demonstrates that, across the disciplines, the students tended to
accept that mathematics was both an important component of their degree courses and
an inevitable part of their future careers. However, it also suggested that some groups
were less confident or less willing to engage with mathematics during their studies.
The differences between the cohorts appears evident when observing some of the ex-
periences that students reported in the second questionnaire (fig. F.4). For example,
when asked how many times they usually attempted the practice tests, there were stark
differences between the engineering cohorts in particular. In the Civil engineering group,
Appendix 174
Figure F.2: Students’ perceptions of the importance of mathematics in their future
careers, separated by cohort.
68% of students usually took the test at least three times, whereas just over 27% of the
Mechanical engineering students took the test as many times.
It serves to be mindful that there may be some differences between students in different
disciplines. There are some reasons for this: the mathematics entry requirement for the
courses differ; and, as explained in the lecturers’ analysis, the delivery of CAA is different
between the groups. It is also worth noting that the sample sizes for some cohorts were
too small to perform meaningful statistical analyses exploring the differences between
groups.
However, the intention of this project is to evaluate CAA using the definition for effective
assessment; this requires determining whether CAA has been effective for individual
students. It may transpire that the entry requirements or the implementation of CAA has
an influence on the effectiveness of CAA for these students, but this must be determined
from the individual students.
Further information from the questionnaire remains of interest, however the differences
between cohorts are no longer sought. The students’ responses provide an overview of
the entire first-year mathematics and engineering cohort that give some indication of the
common approaches to completing CAA and issues that many students experience.
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Figure F.3: The amount of mathematics that students are willing to engage in on
their courses, separated by cohort.
In both questionnaires, the students were asked to select words that they associated
with CAA from a list of sixteen terms that were used by students in the focus groups.
The terms and their context were not explained in the questionnaire, therefore it is not
possible to give the reasons why students selected certain terms. Instead, the terms
indicate some aspects of CAA that the students anticipated, in the case of the first
questionnaire, or experienced, in the case of the second questionnaire (fig. F.5).
For these word associations, only the responses from those students that completed both
questionnaires were considered. In the first questionnaire, 884 word associations were
made (with a mean of 3.10 word selections per student); in the second questionnaire, 935
word associations were made (with mean 3.26 per student).
In the preconceptions questionnaire, the most popular words associated with CAA were
Challenging (40.7%1), Revision (32.6%), Practice (32.3%), Quick (29.1%), Pressure
1The popularity of words associated with CAA are expressed as the percentage of students that
selected the word in the questionnaires.
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Figure F.4: The number of times students normally access the practice tests, sepa-
rated by cohort.
(28.8%) and Restrictive (26.7%) — each of these words commanded more than 25%
of the students making these associations.
In the experiences questionnaire, there were fewer words that were selected by more
than 25% of the students, and these words also tended to have been selected by more
than 40%. This is, perhaps, as expected since the students developed a much clearer
impression of what CAA is and what it does. The most popular terms were Practice
(48.4%), Quick (43.9%), Revision (40.7%) and Restrictive (28.4%).
Over the course of the first year, there appeared to be some shifts in the students’ feelings
towards CAA: before attempting CAA, 28.8% of students associated CAA with pressure,
but this had fallen to 13.7% of students towards the end of the year. Likewise, from being
the most selected term in the first semester, the term ‘challenging’ fell from 40.7% to
22.1%. The terms that fell in popularity — pressure, challenging, risky, impersonal
and time-consuming — could be argued to carry negative connotations; the fall in the
number of students selecting those terms suggests that some students had overcome their
cautious preconceptions of CAA.
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Figure F.5: Students’ selections of words they associated with computer-aided assess-
ment, both before experiencing CAA and at the end of the year.
Some of the terms attracted a broadly similar number of selections during the course
of the year: there was a change of less than 3% for restrictive, safe, lazy, personal,
impersonal, enjoyable and boring. Restrictive maintained selections of more than 25%
of students, indicating that students anticipated that CAA would be restrictive in some
way and experienced restrictions during the course of the year.
There were some terms that attracted much more of the students’ selections in the second
semester than in the first: easy (10.5% to 18.3%), revision (32.6% to 40.7%), practice
(32.3% to 48.4%) and quick (29.1% to 43.9%) commanded the greatest rises. These
terms suggest that the students tended to find CAA to be more straightforward than
anticipated: for many students, this related to the speed of getting through practice
tests; for some, this related to the test material being quite straightforward.
The responses to the questions discussed to this point indicate that the students were,
for the most part, confident, competent and prepared for the mathematics material
they were anticipating during the course of the first year; however, they were unsure of
what to expect for CAA and some students were anticipating CAA to be more daunting
than it turned out to be. With over 40% of students selecting Practice and Quick, it
Appendix 178
Figure F.6: The extent to which the students felt that it was easy to achieve 100%
in the summative test.
would appear that many students were prepared to make use of the practice tests and,
perhaps, this is because they were seen to be quick. Far fewer students associated CAA
with Challenging in the second semester than the first, which could be a concern.
Further questions in the questionnaire explored the approaches students took towards
CAA, including the practice tests.
F.2 The cohort’s approaches to CAA
In the preceding subsection, the students indicated that they were willing to undertake
several practice tests to ready themselves for the summative test. The students were
somewhat split when asked the extent to which they agree with the statement, “It is
easy to get 100% in the coursework test.” Around 28.5% agreed or strongly agreed with
the statement; 42.2% disagreed or strongly disagreed; the remaining 29.3% neither agreed
nor disagreed (fig. F.6). It seems that quite a substantial minority of students found the
coursework tests relatively straightforward to complete.
The students were also asked about their aims for degree classification — at the start
of the year and at the end of the year — and their targets for coursework test scores.
Figure F.7 shows that during the course of the first year, the students have maintained
broadly similar ambitions to obtain first class degrees (77.3% at the start of the year
compared to 81.0% at the end of the year). For the coursework tests, 89.3% of students
aim for more than 70% of the marks available.
There were other questions in the experiences questionnaire that examined students’
approaches to CAA and give indications where these approaches might be different to
other assessment types. For example, the students were asked how willing they were
to work in groups to tackle problems in the first questionnaire; they were asked in the
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Figure F.7: The degree classifications and summative test scores that the students
aimed for.
Figure F.8: The students’ affinity towards group work.
second questionnaire the extent to which they preferred to work in groups in the practice
tests. While 48.6% preferred to work in groups — at least at the start of the first year
— they appeared less willing to do so in the CAA practice tests, with 27.8% indicating
that they agree or strongly agree (fig. F.8).
In the experiences questionnaire, the students also gave indications of their goals for
CAA. When presented with the phrase “I use practice tests to get better scores in the
coursework test.”, 62.9% strongly agreed and 24.7% agreed — only 4.0% disagreed or
strongly disagreed. For “I keep using practice tests until I get the score I want.”, 43.3%
strongly agreed and 28.5% agreed, with 16.7% disagreeing or strongly disagreeing. The
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Figure F.9: Students’ responses when asked the extent to which they agree three
aspects of their knowledge was being tested by the summative test.
students also seemed to use practice tests to help to identify weak areas, with 49.1%
strongly agreeing and 39.5% agreeing; 4.6% disagreed or strongly disagreed.
There is interest in the kind of knowledge and understanding that the coursework tests
assess. With 82.3% indicating that either they strongly agreed or agreed with the state-
ment, “I find practising using practice tests helps me to understand,” the natural question
that arises is that of the depth to which this understanding is developed. The students
were asked the extent to which they agree to the following statements.
• “The coursework test is good at testing my ability to recall mathematical facts, rules
and equations.”
• “The coursework test is good at testing my ability to carry out mathematical proce-
dures and methods.”
• “The coursework test is good at testing my deeper understanding of mathematical
concepts.”
The students seemed to believe that the coursework test assessed recall and procedural
skills (with 79.6% and 85.4%, respectively, that either agree or strongly agree), whereas
54.8% believed that it tests their conceptual understanding. Indeed, 20.2% of students
disagreed, or strongly disagreed, that the coursework tests assessed their conceptual
understanding, compared to 10.5% for recall and 8.1% for procedural skills (fig. F.9).
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It would appear from this questionnaire item that the students felt that the coursework
tests were stronger at assessing their procedural skills more strongly than the other
skills. The questionnaire asked students to make comparisons between what they believed
coursework should do and what they believed CAA achieves (fig. F.10).
Figure F.10: A comparison between what students believe an assessment should
achieve and what students believe CAA does.
There were two aspects of coursework that nearly all students believed were required: it
should help them to improve (95.2% agree or strongly agree), and it should give them
detailed feedback (94.9%). However, over a quarter of the students felt that CAA did not
give students detailed feedback: 26.8% either disagreed or strongly disagreed that it does.
Although the students offered generally positive appraisals of CAA in the questionnaire,
it would seem that its weakest aspects were offering detailed feedback, identifying weak
areas (13.7% disagree or strongly disagree), building confidence (15.3%) and helping to
improve (8.5%).
The students appeared to be uninterested in being tested beyond the lecture content
— 42.9% of students either disagreed or strongly disagreed that coursework should test
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beyond this content. Although 30.1% of students felt that CAA did not test beyond
lecture content, this appears to be as these students expected.
In a similar manner, the questionnaire asked students whether they felt CAA was an
effective assessment. For 63.5%, the students believed it was effective; for 16.6%, they
felt it was not, with a further 19.9% that were seemingly unsure.
F.3 Discussion of the student questionnaires
The questionnaires were not designed to evaluate CAA according to the definition for
effective assessment; rather, they offered some common views of and approaches to CAA
and the coursework tests that follow.
When compared to the responses that students gave as requirements for coursework, it
would appear that there are some students that believe that CAA does not provide as
much assistance to their learning as an assessment should. For the 16.6% of students that
believed that CAA was not effective, their other questionnaire responses identified some
possible causes for their concerns: offering detailed feedback, identifying weak areas,
building confidence and helping to improve.
Appendix G
Student interview case studies
G.1 Alpha
G.1.1 Identity and Aims
Alpha was a student from the Mathematics Department aiming for an upper second class
degree classification (a 2:1). She wanted to embark on a career in mathematics research
after completing her course and, therefore, considered the mathematical content on her
course to be very important. She considered understanding concepts to be important;
however, she also appeared to believe that achieving a high score in CAA tests indicated
an adequate understanding.
Subject
Alpha
Object
Start a successful ca-
reer in mathematics
Tools
CAA
Lecture notes
Support centre
Rules
Plagiarism rules
Concept of cheating Community
Colleagues on the same
course
Division of labour
CAA provides feedback
Colleagues provide feedback
Outcome
Wanted to achieve 100% in
CAA tests
Figure G.1: Alpha was largely satisfied that the CAA tests helped her to get the
outcome she aimed for. However, she also felt that the system did not always help to
identify her weaknesses.
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During the first year, Alpha found her studies to be “a little bit harder” than expected,
but suggested that it had a positive effect on her determination. It is clear from several
parts of the interview that Alpha viewed marks from assignments as indicators of success
and performance; and her pursuit of marks was a means of demonstrating the progress
that was expected of her.
However, Alpha believed that CAA testing was a contradiction, somewhat, to other
assessment in this regard. She noted that they did not always perform well as waypoints
for measuring success: she said that CAA tests had not “been the best way to tell you
how you’re doing, or even to properly test you”.
Indeed, Alpha felt that CAA did not sufficiently test students’ understanding of under-
lying concepts, saying, “I think if the questions for the online test were more about you
having to understand certain things and certain concepts, as opposed to just putting
numbers into a formula that you find, . . . I think that would be more helpful.”
From her interview, it is clear that Alpha’s aims for the CAA tests was to achieve full
marks. She said, “I aim for getting 100% on things like that — just because, why
shouldn’t I?” Within her mathematics community, Alpha believed it was a commonly-
held view that this was achievable, suggesting, “there’s a general consensus that with
[CAA], it’s meant to be easier to get higher marks”, noting the “so much feedback”,
ample time and opportunity to practise as reasons for this belief.
G.1.2 External influences
Alpha talked fondly about the collaboration and support that her colleagues offered to
each other. Talking to colleagues in the same course, Alpha discussed her difficulty with
grasping proofs and found this to be a widespread problem and there were occasions
when students found aspects of the CAA tests difficult.
The library appeared to be a common meeting area for the Mathematics Department
students, particular during CAA testing. Alpha had been asked for help while doing
practice tests in the library. Alpha had also collaborated with a friend, another student
on the same course, and believed that this was part of a supportive and helpful student
community. She said, “I know that we try to help each other. At least, with my friends,
we try to help each other with explaining things.”
However, while saying that collaboration during the summative testing phase was “cheat-
ing”, Alpha had been approached by students to provide assistance. She said, “What was
the point, because they’ve got it now in two minutes? They’ve been watching TV while
I’ve been sorting this out.”
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While discussing her place in the department in relation to her studies, Alpha presented
herself as a student that sought independence and wished to avoid resorting to support
where possible. She was aware of the specialist mathematics support unit at the insti-
tution and that some of her colleagues had attended but she had not. Furthermore, she
was reluctant to work with other students; only recently had she started working with a
friend on the CAA tests. On support from lecturers, she had noted that “most of them
are more than happy to spend an hour helping you” and found this surprising, adding,
“I found that some of the lecturers have actually been more helpful than you’re led to
believe about to do everything on your own.”
From her actions and what they said in the interview, Alpha conveyed a willingness to
be somewhat independent of her peers and support services but open to engaging with
her lecturers.
G.1.3 Learning Cycles
As shown in these learning cycles diagrams, Alpha concentrated on the questions she
answered incorrectly in the first instance, working with a colleague more recently and
compiling notes that would also assist her in the summative test. Her aim for the
practice test phase was to ensure that she was able to answer every question correctly
before proceeding to the summative test. In this phase, Alpha used her lecture notes
and printed versions of the CAA test as well as a colleague to discuss the feedback with
someone. This enabled a continuous cycle of repressing the practice tests and addressing
only those questions she had answered incorrectly in the previous test. During the
practice test, therefore, Alpha felt she was able to continue on the learning cycle.
However, it is important to note that Alpha placed great importance on conceptual
understanding and in ensuring that she was able to carry out procedures without error.
Alpha felt that CAA was weak in terms of testing the grasp of concepts — and, therefore,
was not effective with regard to this aim — but was effective for refining her procedural
capabilities by virtue of the comprehensive feedback offered by the CAA system. Indeed,
Alpha had used a technique to obtain feedback from the system that was not wholly
intended in its design.
“If there’s a question we don’t get. . . we go through and answer with ridiculous an-
swers. . . They all come back ‘wrong’ and you get the feedback for them all.”
Alpha suggested that using this technique was a ‘last resort’ if she could not indepen-
dently discover how to approach the question. Indeed, Alpha was somewhat dissatisfied
that other students used this technique. She said, “I do know of colleagues who just have
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Alpha
Make first
attempt
Note wrong
answers
Obtain
feedback
CAA
practice test
CAA
feedback
First attempt
made
Wrong
answers
noted
Feedback
obtained
Use feedback to model corrections
Feedback printout
(a) Alpha aimed to use the first attempt to establish which questions they cannot answer and
to print the feedback for these questions.
Perfect
incorrect
answers
CAA
practice
tests
CAA
feedback
All answers
correct
Achieve 100% in summative test
Concentrate on incorrect answers
Feedback printout,
peer influence, printed
notes, formula booklet
(b) Alpha used subsequent attempts at the practice test to concentrate on questions she had
answered incorrectly. She continued to use the practice tests until she could answer all the
questions correctly. Alpha wrote spontaneous notes using the feedback given by the CAA system
and these notes would inform Alpha’s future attempts at the questions.
Achieve
100% in the
summative
test
CAA
summative
test
CAA score Achieve 100%
Practice test notes
(c) Alpha aimed to achieve 100% in the summative test. She would use the spontaneous notes
made during the practice phase during the summative test period. Regardless whether Alpha
achieved her goal to achieve 100%, there appeared to be no further path on the learning cycle.
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[this] method that they’ve written down; they just put the numbers in and then that
generates an answer. They haven’t really learned anything.”
The summative test, however, appears to highlight some subtle contradictions. Alpha
seemed to be satisfied when she achieved full marks, but dropping marks was a cause
for frustration. Alpha believed that the marks she received did not always reflect how
much she understood. This occurred when she answered a question incorrectly: some
questions were worth several marks and required more time and thought, but zero marks
would be awarded if the final answer was incorrect.
This would suggest that Alpha placed significant important on the marks she received
from the summative test, and for this phase obtaining full marks was her overriding aim.
Alpha seemed to believe that the summative test was not always effective for her aim:
she had diligently worked on practice tests to perfect her methods for answering the
question and her subsequent errors meant she was not awarded the marks she felt they
deserved.
G.1.4 Effectiveness of CAA
As the diagram suggests, the learning cycle stops promptly after the summative test.
Alpha felt that the summative test served as a conclusion for CAA and that topic: in
particular, she was not motivated to examine the errors she made in the summative
test. However, it did spur her on in subsequent assessments; she said, “If I get a lower
mark. . . in the tests, it just makes me go, ‘Right, in the written courseworks I’m going
to do so much better’.”
It is also important to consider the contradiction between Alpha’s desire to be procedu-
rally adequate and to have a sound conceptual understanding of the topics being tested,
and her dependence on the CAA system. As a consequence of becoming acquainted with
the system and the techniques passed between colleagues, Alpha developed greater de-
pendence on the feedback that the system provides as a means to answer some questions.
Consequently, her development along the learning cycle lacked a progression towards au-
tonomy. This is, perhaps, a reason why Alpha did not progress further in a learning
cycle after the summative test; she did not possess the autonomy to diagnose her errors
from the feedback or construct new, more challenging learning goals.
The CAA system permitted Alpha to progress along the learning cycle during the practice
phase, but her dependence on the feedback and her perception of the importance of the
marks proved to be limiting factors for Alpha’s potential to continue on the learning
cycle beyond the summative test.
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G.2 Beta
G.2.1 Identity and aims
Beta was also a student from the Mathematics Department aiming towards a 2:1 degree
classification. Unlike Alpha, Beta regarded herself as requiring “ulterior motives” to work
hard and quickly established during the interview that her primary motivation was marks.
At the beginning of the year, Beta’s aims were more directed towards “knowledge. . . and
experience”; however, the opportunity to undertake a placement year in Australia led to
a change in her assessment aims, since she believed her marks determined whether or
not she would be eligible to go.
She had also changed courses earlier in the year to drop a second subject specialism
from her course since she did not enjoy that subject. This enabled her to concentrate on
the mathematics and build her confidence in the mathematical module material. Beta
believed that confidence was an important part of the way she studied; it proved so
during CAA testing.
G.2.2 External influences
As with Alpha, Beta initially worked alone in CAA testing and her first experience of
collaborating on CAA was a spontaneous one: “Me and my friend had a lecture over by
or near the library. . . So we said, ‘Shall we just go and do the test now anyway?’ ”
Beta held similar views towards collaboration as Alpha: both were happy to engage
with others while they were not being formally assessed; and both believed that summa-
tive tests should be undertaken alone. Also like Alpha, Beta had only recently adopted
collaboration with colleagues towards the end of the second semester as a means for sup-
port in CAA. She explained, “I have done [that] twice. But by doing them with someone
else. . . we’ve both gone away and done our own. . . There were a couple of questions that
we did help each other with and check each other, but we were actually alright ourselves.”
She was less sure of the benefits of collaboration and portrayed this recent change as an
experiment, after which she concluded that, perhaps, the benefits were not substantial.
“It was only the last two [CAA] tests that I did work with friends. . . there
was [sic] three of us — we all did our own tests, then we were all stuck on
one question that we weren’t sure of, so we tried each other’s and we all got
different answers anyway, so we put in our own ones and we were all right.
So it worked out that we were better doing it just ourselves.”
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Subject
Beta
Object
Knowledge and expe-
rience
Tools
CAA
Lecture notes
Spontaneous notes
Rules
Plagiarism rules
Concept of cheating
Community
Colleagues on the same
course
Division of labour
CAA provides feedback
Outcome
Get a good score in CAA tests
(a) Beta was primarily motivated to acquire knowledge and experience in mathematics, but she
did not regard this as enough motivation.
Subject
Beta
Object
Placement year in
Australia
Tools
CAA
Lecture notes
Spontaneous notes
Rules
Plagiarism rules
Concept of cheating
Community
Colleagues on the same
course
Division of labour
CAA provides feedback
Colleagues provide feedback
Outcome
Wanted to achieve 100% in
CAA tests
(b) Since Beta became aware of the possibility of studying in Australia, her actions during CAA
testing were more marks-driven.
Figure G.3: Beta’s motives changed between semesters. It had a small effect on her
activity as a whole, as she tried harder to achieve 100% in her CAA tests in the second
semester.
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By seeking support from their colleagues, some might argue that Beta became less au-
tonomous, rather than more so; however, seeking assistance at times of difficulty need
not mean that the student was becoming more dependent. Indeed, there appear to be
particular benefits for students that make use of collaboration (Black & Wiliam, 2009;
Nicol & Macfarlane-Dick, 2007; Topping, 1998).
It is best to examine Beta’s CAA activity as two separate semesters, since her actions
and aims were altered by the opportunity to embark upon a work placement in Australia.
G.2.3 Learning Cycles
In the first semester, Beta suggested she exerted less effort towards these assessment
than in the second semester. This appeared to be dependent on the test difficulty as
much as the change in long-term motive. When asked how many times she usually used
the practice tests, she replied, “about three or four”, later adding, “ there was one. . . we
did recently that was ridiculously hard compared to ever other test that we’ve ever done
and for that one, I did them probably about ten times.”
The approach in the practice tests, however, was broadly similar between the two
semesters; in both cases, Beta was seeking to gain confidence in answering the ques-
tions by putting most effort into those questions she had answered incorrectly. She said
“If I wasn’t confident [about the question], I would make sure the next time I did [the
practice test], that I did [the question] again. And if I got it right twice, then I would
be pretty sure that I’d got it right.”
Beta believed that getting 100% in the summative test was a realistic aim. She said, “I
think once you actually understand the question, it’s very easy. As soon as you know
how to do it, it actually becomes very easy to get 100% on the CAA.’ Beta noted that
the feedback was such that working out “how to do it” was straightforward. She said that
the feedback was “pretty good. When you get an answer wrong, it will tell you exactly
what to do.”
However, Beta noted that her scores in the second semester were higher than previously.
When asked how her CAA marks compared to other pieces of coursework she had done
for the same course, she responded, “This semester, they [the CAA scores] are higher
than the written courseworks, but last semester I would say they were about the same,
if not lower. But I think that was just because I didn’t care as much last semester.”
This quote from Beta clearly exemplifies the change in aim and explains the transition
in her actions between the semesters. It also identifies a change in the result of the
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Beta
Build
sufficient
confidence for
each question
CAA
practice
tests
CAA
feedback
Achieve
confidence
by answering
questions
correctly
Obtain a reasonable score in the CAA summative test
Concentrate on incorrect answers
Calculator, lecture
notes, spontaneous notes
(a) Beta’s aim was to develop sufficient confidence to be able to undertake the summative
test. In practice, Beta felt she had to be able to answer each question correctly to achieve such
confidence. She used the feedback to develop spontaneous notes, which, in turn, would be used
in the next practice test attempt.
Obtain
a score
CAA
summative
test
CAA score
Obtained
a score
Spontaneous notes from
practice test phase
(b) Beta embarked on the CAA summative test intent only on achieving a score, with no specific
target in mind. To achieve this, she used the spontaneous notes she made during the practice
tests. Once the summative test was complete, Beta gave no indication of any further use for the
CAA tests.
Figure G.4: Beta’s learning cycles for the first semester.
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Beta
Build
sufficient
confidence for
each question
CAA
practice
tests
CAA
feedback
Achieve
confidence
by answering
questions
correctly
Achieve 100% in the summative test
Concentrate on incorrect answers
Peer influence, calcu-
lator, lecture notes,
spontaneous notes
(a) In the second semester, Beta approached the CAA practice tests much like in the first
semester; however, she was more willing to engage with her peers at both the assessment and
feedback stages.
Achieve 100%
in summative
test
CAA
summative
test
CAA score
Achieved
100%
Spontaneous notes from
practice test phase
(b) Beta then aimed to achieve 100% in the summative test and did so. However, she still
believed there was no utility in the system once the summative test had been completed.
Figure G.5: Beta’s learning cycles for the second semester.
assessment; Beta achieved her goals in both semesters, but the goal in the second semester
was more challenging.
It is not due to the assessment, however, that these goals changed. Rather, Beta found
that the marks on the CAA test held greater value than she had anticipated in the
first semester. This shift in aim had a minor impact on her actions during CAA, yet
these changes could not be attributed to CAA itself from Beta’s comments during the
interview.
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G.2.4 Effectiveness of CAA
In a similar manner to Alpha, Beta appeared to develop little autonomy and remained
dependent on the regime of practice tests in their preparation for the summative test. Not
only did the feedback provide a method for answering the questions, but the availability
of a practice test provided the motivation to practise.
Beta believed that the practice tests were worthwhile: not only for her aim of achieving
100% in the summative test, but also for broadening her experience of the techniques
taught in lectures. She said, “It does actually make you do problems that you wouldn’t
have done otherwise. . . because the last [test] that we did, that had so many questions
that I had never seen before. . . it did widen your knowledge.” This suggested that Beta
was not seeking similar experiences from elsewhere and that CAA bore sole responsibility
for widening her knowledge.
Despite the abrupt halt to the learning cycle once the summative test had taken place, the
practice tests appeared to be sufficiently effective for Beta’s learning goals. Like Alpha,
Beta was critical of the summative test and its inability to award partial marks for
incorrectly answered questions. She felt that this sometimes stopped her from achieving
their goals.
G.3 Gamma
G.3.1 Identity and Aims
Gamma was a student in the Mathematics Department aiming for a 2:1 degree classi-
fication. He believed that his enrolment at university was much more than becoming
a mathematics student: he was keen to experience the breadth of university life and
involved himself in volunteering and charity fundraising.
He had started to find the material in his mathematics modules difficult at the time of
the interview and conceded there were some modules he was enjoying less.
Nonetheless, he had maintained high expectations for himself; he said, “I usually try to
get above 70% in everything — at least!” Marks were clearly important to him as he
was concerned at the possibility of just missing out on a better degree classification:
“I think all those little marks count in the end and. . . you could miss out on
a first or a 2:1 or whatever in the final exam and these little class tests.”
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Subject
Gamma
Object
Gain best classifica-
tion possible
Tools
CAA
Lecture notes
Colleagues
Rules
Plagiarism rules
Perceptions of purpose of
first year
Community
Colleagues on the same
course
Division of labour
CAA provides feedback
Colleagues provide feedback
Outcome
Wanted to achieve 100% in
CAA tests
Figure G.6: Gamma desired to achieve the best possible degree classification and
believed that achieving 100% in the CAA summative tests was realistic. His views on
collaboration and cheating were different to many of his peers.
Therefore, he considered CAA to be just as important as any other assessment and, like
Alpha and Beta, believed that obtaining full marks was a realistic aim for CAA.
G.3.2 External influences
His view of the purpose of the first year had an effect on their view of collaboration and
his actions in CAA testing. When asked about collaboration, he said, “I think it’s good
if people work in groups, because then you can just help each other out. And if someone
doesn’t understand something, then obviously everyone else can help them understand
it, especially in the first year when it seems to be about getting everybody to the same
sort of level, because it doesn’t actually count with the marks.”
In that quote, Gamma revealed three of his views that had an important effect on his
actions in CAA:
• he believed that the purpose of collaboration is to ensure everyone in the group
attains a certain level of understanding;
• he believed that the purpose of the first year at university is to ensure that everyone
shares a common level of understanding to progress into subsequent years; and
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• he believed that the marks gained in the first year do not contribute to a student’s
degree classification and so plagiarism is not as big an issue as it would be in
subsequent years.
These beliefs extended to the summative test. Gamma said, “On the [summative] tests,
I think it’s not cheating to help each other out, really. It’s just offering help, really — I
don’t know — trying to get everyone to understand it, because I think the whole point
is to get it so that everyone understands the content.”
Gamma remained cautious when discussing how he engaged with colleagues during CAA.
The only indication that he, personally, had collaborated was when he was asked how
an invigilated test would change his actions. He replied, “I wouldn’t be able to ask my
friends to check my answers that I wasn’t sure about.”
G.3.3 Learning Cycles
Gamma’s approach to the CAA practice tests was similar to Alpha’s approach. Both were
keen to ensure they were able to answer all the practice test questions before proceeding
to the summative test. Gamma said, “I might end up doing the test seven or eight times,
but I wouldn’t have done all the questions every time. I would just do the ones I kept
getting wrong, just to make sure I could get it right.”
Like some of the other students in the study, Gamma would make a serious attempt at
the practice test before printing off the feedback and using the resulting document as a
basis upon which to model and improve his answers.
As noted previously, it was not possible to establish how Gamma engaged with collab-
oration with certainty. He gave indications that not only was he in favour of working
with others, but also that he may have worked with others in the summative test.
Once Gamma was confident that he could answer all the practice test questions, he was
sufficiently confident to take the summative test. In preparing for the summative test,
Gamma refined his notes and collated the CAA system feedback that he had earlier
printed. He would use the library or a computer laboratory to undertake the summative
test, since he was concerned of possible malfunctions with his own computer; Alpha
noted that the library was also a common meeting place for students wishing to do the
CAA summative test.
Gamma, like Alpha and Beta, gave no indication of inclining to correct errors after the
summative test. Although Gamma was wary of becoming too dependent on the question
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Gamma
Make first
attempt
Note wrong
answers
Obtain
feedback
CAA
practice test
CAA
feedback
First attempt
made
Wrong
answers
noted
Feedback
obtained
Use feedback to model corrections
Feedback printout
(a) Gamma’s approach was similar to Alpha’s: the aim of the first attempt at the CAA practice
test was to establish which questions he was unable to do and to use the feedback provided by
the system to model his corrections.
Perfect
incorrect
answers
CAA
practice
tests
CAA
feedback
All answers
correct
Achieve 100% in summative test
Concentrate on incorrect answers
Feedback printout
(b) Gamma used the practice tests to perfect the questions he kept answering incorrectly. The
feedback would be used to inform his future methods until he was able to answer all the questions
correctly.
Achieve
100% in the
summative
test
CAA
summative
test
CAA score Achieve 100%
Practice test notes
Revision for exam
Revision for exam
(c) Gamma implicitly gave the suggestion that he worked with peers during the summative test.
Where Gamma differed from Alpha was after the summative test was completed: regardless
whether Gamma achieved his aim to gain full marks, he planned to use the assessment for his
next goal.
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formats and contexts presented in these tests, he was interested in using the practice
tests as preparation for their end-of-module exam:
“I don’t know if the sort of questions that come up in the [CAA practice]
test would be similar to the exam-style questions. . . I probably would use the
computer things [CAA practice tests] as well.”
G.3.4 Effectiveness of CAA
In judging the effectiveness of the CAA system for Gamma, it would appear his learning
cycles are similar to those of Alpha and Beta. Gamma was largely motivated by the
pursuit of marks since, in his view, marks were necessary to ensure that he would obtain
the degree classification he was aiming for.
Gamma felt that the practice tests enabled him to achieve his initial learning goal: to be
able to answer all the questions correctly before going into the summative test. For the
summative test, it is unclear from Gamma’s comments whether he felt he had achieved his
learning goal — to achieve 100% — on a regular basis. Nonetheless, Gamma continued
on the learning cycle by revising his learning goals with respect to his exam revision after
the summative test. Since the interview was held before the exam, it was not possible
to determine whether Gamma used CAA to revise and whether it was effective for that
aim.
G.4 Delta
G.4.1 Identity and Aims
Delta was a joint honours student in the Mathematics Department and the computer
science department. She was aiming to achieve a first class degree. Though she was pro-
gressing well with the computer science modules, Delta found the mathematics modules
tougher than anticipated. Consequently, Delta sacrificed aspects of her social life to keep
up. She said, “I don’t really go out much. I have a lot of work to do. That’s pretty much
my life, just trying to get my grades up.”
When asked about aims for the course, Delta was explicit in her pursuit of marks. She
aimed for higher scores in CAA than in other assignments:
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Subject
Delta
Object
First class degree
Tools
CAA
Lecture notes
Colleagues
Rules
Plagiarism rules
Views on collaboration
Community
Colleagues on the same
course
Division of labour
CAA provides feedback
Colleagues provide feedback
Outcome
Wanted to achieve 90% in CAA
tests
Figure G.8: Delta’s collaborations with peers was contrary to her views on collab-
oration more generally. She found marks to be rewarding and thus her actions were
oriented towards the pursuit of marks.
“In normal coursework, I aim for 60 or 70%, or sometimes just a pass. . . I
sort of aim higher here [in CAA]. Here I think it is easier to achieve higher
in them, so I do aim for, like, 90%.”
Delta viewed marks as being the reward for effort and perseverance and, as such, was
prepared to work hard to achieve her learning goals.
G.4.2 External influences
Unlike her mathematics peers in this sample, Delta was very much against collaboration.
She said, “I don’t like collaboration as it is, anyway, in any coursework because I think
that people who are good at it [the subject matter] will take the majority of the work,
and then people who aren’t really sure just sort of survive off their work.” She believed
that plagiarism was a problem. She said, “They mooch off other people to do their
coursework for them, and they get the marks when they don’t deserve them.”
As such, she believed that the CAA system was unfair, since the system could not
distinguish between those that work independently and those that do not. Despite her
views, Delta did engage in some paired work as she felt this arrangement was beneficial
to both parties, saying, “I think it’s ok if you work in a pair, because sometimes it is
good just to bounce ideas off someone and to check that what you’re doing is right.”
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Delta
Achieve
90% in the
practice tests
CAA
practice
tests
CAA
feedback
Achieve 90%
Achieve 90% in the summative test
Concentrate on incorrect answers
Lecture notes, sponta-
neous notes from CAA
feedback, peer influence
(a) Before embarking on the summative test, Delta aimed to ensure that she was able to achieve
90% in the practice tests. Doing so meant that she was able to achieve 90% in the summative
test. Like the other mathematics students, she paid attention only to those questions that she
answered incorrectly. Delta noted that she engaged with peers during the practice tests and that
she noted the methods used in the CAA feedback.
Achieve
90% in the
summative
test
CAA
summative
test
CAA score
Achieve at
least 90%
(b) Delta aimed to achieve 90% in the summative test. Like Alpha, Delta did not perceive any
use for CAA after the summative test.
Figure G.9: Delta’s learning cycles.
G.4.3 Learning Cycles
When undergoing the CAA practice tests, Delta had an ideal score of 90% in mind. In
order to achieve this, she would take an initial test to establish which questions she was
not able to answer correctly and receive the feedback. Like others in her cohort, Delta
focussed her efforts on the questions she answered incorrectly. However, unlike her peers,
Delta attempted the entire test each time.
To address those questions they answered incorrectly, Delta would immediately adopt
the methods presented in the feedback. She said, “I’ll use the example they’ve used and
I’ll just work through the question [in] exactly the same [way] — so, how they want you
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to do it.” That is, Delta felt she was learning the processes that she was expected to
know by mimicking the feedback.
The practice test would last until Delta achieved the score she wanted. She said, “When
I’m consistently getting the number [score] I want, then I’ll take the real [summative]
one.” This would sometimes take numerous attempts: “if it takes. . . seven practice tests
to get 50%, then I’ll be like, ‘Oh, I need to do some more’.”
Despite these efforts, Delta said she did not take the tests particularly seriously, in
comparison to other coursework types. She said, “No, I don’t work harder towards CAA.
if anything, I don’t treat it like a proper coursework. . . I don’t think they’re as serious.”
During the summative test, Delta worked in the library and had her lecture notes and
the notes she had composed during the practice test. Working alone, she had a mixed
experience in terms of results. Delta believed that “it’s easier to achiever higher in them”,
but they also said, “I’ve got 100% on a couple and then I failed a couple.”
Delta believed that this was partly due to the feedback. There were occasions when she
was unable to make a start on a question because the feedback did not sufficiently help
her. She said, “They’re [the CAA questions] just very repetitive, and I obviously get
frustrated easily. So if I still can’t do it — if I just really, really can’t do it — I just get
to the point where I want to give up, because obviously no-one’s telling me where I’m
going wrong.”
This indicated a reliance on the CAA system for providing the feedback that she needed;
Delta was aware of other support channels, including a support centre for mathematics
difficulties, but did not use them. When Delta reached that point, she did not express a
willingness to compromise her initial learning goal; it would appear that Delta continued
to the summative test regardless and evidently failed the test on occasion.
Perhaps because of these failures — although other students voiced similar frustrations
— Delta believed that the marks she had been awarded did not adequately reflect her
performance in the test. She said, “You don’t get marks even when your working out was
right and you just messed up a number somewhere.” For Delta, frequent minor mistakes
were costly: “I often have a tendency to leave square roots out and make silly mistakes
like that and it doesn’t pick upon that, obviously.”
G.4.4 Effectiveness of CAA
When examining the effectiveness of CAA for Delta, the rigidity of her goals and her
subsequent problems in reaching those goals meant that it was somewhat inevitable
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that sometimes CAA would not be effective. Although she displayed concerted effort in
order to meet those goals, Delta’s dependence on the feedback to “learn” how to do the
questions meant that when this procedure did not work, Delta did not opt for further
support.
Partly because of her failures and partly due to CAA testing procedures rather than
concepts, Delta said she felt “stupid, because I know I can do maths”, yet she said, “You
have examples of how to do it [in the feedback], so you just work through a step-by-step
guide.”
Thus whenever Delta came upon a problem she was unable to tackle, CAA was no longer
effective — indeed, Delta noted that without further intervention from the system, “You
can’t learn from it” — and required support from elsewhere. She made the comparison
with written coursework, where “your tutor can actually point you to where you’ve gone
wrong.”
Delta’s stance on collaboration, therefore, became significant. She was, for the most
part, unwilling to accept help from her peers. She discovered later in the semester that
working with another student had benefitted her. When this happened, Delta was able
to provide and obtain feedback from another source outside the system.
Beyond the goals for the summative test, Delta’s learning abruptly halts. Since the
system did not provide detailed feedback at this stage, she felt unable to learning anything
further from the assessment — further indicating her dependence on the system feedback.
Furthermore, Delta believed that summative assessment generally represented a closure
at the end of a topic.
Although Delta was keen to be independent and to develop autonomy, it was this de-
sire that prevented her from seeking help at times of difficulty. Ultimately, this had a
detrimental effect on her learning and limited the scope of CAA to be effective for her.
G.5 Epsilon
G.5.1 Identity and Aims
Epsilon was an Engineering Department A student aiming to achieve a 2:1 degree classi-
fication. He believed himself to be hard-working — particularly in comparison to other
students — but was keen to enjoy the breadth of student life, much like Gamma.
With regard to mathematics, Epsilon said that mathematics was one of his strongest
subjects and thus aimed to “get good marks in maths”. His view of mathematics was
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Subject
Epsilon
Object
To become a pilot
Tools
CAA
Lecture notes
Colleagues
Rules
Plagiarism rules
Views on collaboration
Community
Colleagues on the same
course
Division of labour
CAA provides feedback
Colleagues provide feedback
Outcome
Achieve at 70% in CAA tests
and understanding
Figure G.10: Epsilon was motivated towards marks and understanding the material
in his motive to become a pilot. No obvious contradictions arose in his interviews.
regarded through his identity as an engineering student; he said, “If you do muck up. . . in
real life. . . you kind of only get one chance.”
Epsilon was the only student in the sample to have explicit learning goals that tran-
scended assessment and were related to his motive to become a pilot. He said, “I hope
to gain more of an understanding of how aircraft are built and how they are operated.”
This motivated his quest for understanding — as well as obtaining marks — and viewed
success as a combination of acquiring the two. He said:
“I quite enjoy maths as a subject as well and understanding it, because I
think it’s quite fundamental to how everything works. So as well as getting
the grades, I think it’s really useful [to understand] the subjects, because
then you can apply it to real-life situations and other engineering examples
as well. So that motivates me as well.”
Since Epsilon needed an upper second class degree to become a pilot, he was aware
that this had an impact on the grades and marks he aimed for in his modules and
assignments. He referred to “the big 70%” and both the desire for understanding and the
need to achieve certain scores encouraged a pragmatic approach. He said, “I obviously
want to do well in university and get a good degree out of it. I want to try to get the
best I can out of every single module, so I do not do well in other modules, subjects like
maths will bring my average up.”
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G.5.2 External influences
Epsilon believed that collaboration was much less the norm in Engineering Department
A than in other departments. He was in favour of collaboration and worked with two
colleagues during CAA testing.
He was clear in his belief that collaboration was not appropriate for summative tests,
and in CAA summative tests in particular. However, in his view, collaboration in the
practice tests offered the opportunity for learning, leaving the summative test to test
that learning.
G.5.3 Learning Cycles
Epsilon began each practice test phase by attempting the tests alone, using his lecture
notes and the module workbooks. He used the feedback to establish where he had gone
wrong. He believed that the CAA practice tests worked well with the workbooks and
the lecture examples to gain a good understanding of the types of questions he might be
expected to answer, both in the summative test and in the exam.
After one or two attempts on his own, Epsilon collaborated with two other students on
the same course:
“There’s a couple of [students] in my halls who do the same course. I normally
try once or twice by myself to see where I’ve gone wrong, and then they’d
normally do it as well. Then, we compare with each other afterwards, so we
usually see where each other had gone wrong and help each other out. I think
that’s really useful and helpful.”
Epsilon used the combination of lecture notes, workbooks, the practice tests and his
friends in order to prepare for the summative test. In one semester, the paper test
was marked as though it had been a computer test conducted ‘offline’, that is, students
were awarded scores only for corrects answers with no further feedback. In the other
semester, marks were awarded for the application of the correct method, even if mistakes
were made, and Epsilon found it easier to identify where he could improve.
His aim for summative assessment was in terms of scores; he had used the term “big 70%”
to describe this aim. Epsilon appeared to achieve his aim each time, but what happened
after the summative test depended on the style in which the paper test marking was
conducted. Epsilon was more inclined to check for errors if more feedback was given.
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Epsilon
Evaluate
current un-
derstanding
CAA
practice
tests
CAA
feedback
Establish
current un-
derstanding
Check once more
Address errors with peer support
Lecture notes, workbooks,
spontaneous notes
from CAA feedback
(a) Epsilon used the practice tests a few times initially to establish how much he already un-
derstood. He took notes from the feedback but did not use the tests to improve performance at
this stage.
Perfect
incorrect
answers
CAA
practice
tests
CAA
feedback
Peer
feedback
All answers
correct
Achieve 70% in summative test
Concentrate on incorrect answers
Feedback printout,
peer influence, printed
notes, formula booklet
(b) After performing the practice tests a few times initially, Epsilon worked with peers to address
the gaps in each other’s understanding. Once everyone in the group was able to answer all the
questions correctly, they considered themselves ready for the summative test. He worked with
many resources and composed a document with parts of the CAA feedback he thought would
be useful.
Achieve the
“big 70%”
Paper-based
summative
test
Test score Achieve 70%
(c) In the summative test, Epsilon aimed to achieve 70%. Since the test was invigilated and
paper-based, there were no additional resources that Epsilon used. He achieved his goals, but
did not envisage any use for CAA beyond the summative test.
Figure G.11: Epsilon’s learning cycles.
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Epsilon stated that making small errors was frustrating — particularly so in those tests
in which making such mistakes was interpreted as answering the question incorrectly.
However, he remained pragmatic, saying, “I’m not too keen on the fact they don’t give
you the working marks for it, but then again, in the real world, you’re not always going
to get the opportunity [to make mistakes].”
G.5.4 Effectiveness of CAA
For Epsilon, the CAA practice tests seemed particularly effective. By working indepen-
dently to start with and addressing the problems he was able to — before consulting
with colleagues — he displayed autonomy and responsibility. His aim for the practice
tests was to gain an awareness of his own understanding before attempting to consolidate
and build upon this understanding with the assistance of colleagues.
In the summative tests, Epsilon found the paper test with detailed feedback led to
opportunities for further learning and, thus, it was more effective. However, Epsilon
also found the paper test without additional feedback to be reasonably effective and
considered having a paper test to be easier to manage than the computer-based test:
“I find it a lot easier with the questions written down on a piece of paper in
from of me, because I can highlight bits, scribble over it, pick out important
parts of it. I find it a lot easier to work not staring at a computer screen.”
Like some other students, Epsilon also anticipated using the practice tests as preparation
for the module exam.
G.6 Zeta
G.6.1 Identity and Aims
Zeta was a student in Engineering Department A and was pursuing a 2:1 degree clas-
sification. Zeta and Epsilon appeared to be friends, since they sat next to each other
when completing the questionnaires and were interviewed consecutively. At the time of
the interview, Zeta was undecided in what he hoped to do after his course; his aim was
to obtain “a degree — I see it as a step to getting to different places.”
In terms of assessment — and CAA in particular — he appeared to view interim assess-
ment as being opportunities to identify areas in which he was weaker prior to the exam.
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Subject
Zeta
Object
Obtain a degree
Tools
CAA
Workbooks
Rules
Plagiarism rules Community
Colleagues on the same
course
Division of labour
CAA provides feedback
“Teaching” others aided understanding
Outcome
Aimed to get good scores in
CAA
Figure G.12: Zeta used the CAA tests to evaluate his current understanding; however
he felt that getting zero marks for an incorrect answer did not help him.
For these assessment, he did not have a specific aim in mind, though he said, “I like to
win, or I like to aim high, so I like to get the green ticks in the little boxes [in the CAA
practice tests].”
G.6.2 External influences
Zeta’s stance towards collaboration was in stark contrast to Epsilon’s, however. Zeta
viewed collaboration in CAA as unnecessary since the standard required of students to
embark on this course should be sufficient enough to make the first year mathematics
modules straightforward. Furthermore, he felt that the feedback offered by the CAA
system was detailed enough so that there would be little gained from discussing the
work with colleagues.
Despite his views on collaboration, Zeta willingly offered support to those that needed it
on occasion. He cited the benefits he received in the understanding of the material when
“teaching” others. However, he usually worked alone — “I’d say 90 to 95% of the time.”
G.6.3 Learning Cycles
Zeta began each testing phase by writing out the questions on paper. He said, “It allows
me to obviously first of all see what I need to do, and then it gives me time to look
through my book to find notes. . . then I work through it and then put an answer in.”
During the practice test phase, he had his lecture notes, his module workbook, and his
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feedback
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Feedback
obtained
Use feedback to model corrections
Lecture notes, work-
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(a) Zeta worked in a similar fashion to Alpha and Gamma. To begin the practice phase, he would
make one attempt at the questions to establish which questions he could not answer correctly. His
aims for this initial attempt also included obtaining the CAA feedback for modelling corrections.
Perfect
incorrect
answers
CAA
practice
tests
CAA
feedback
All answers
correct
Achieve high marks in summative test
Concentrate on incorrect answers
Lecture notes, work-
books, formula booklet
(b) For the rest of the practice tests, Zeta used the feedback to improve the incorrect answers
until he was able to answer all the questions correctly. As well as the feedback, Zeta used his
lecture notes, workbooks and the formula booklet.
Achieve
100% in the
summative
test
CAA
summative
test
CAA score
Achieve
high marks
(c) Zeta’s aim for the summative test was to achieve high marks and always achieved his aim.
However, there was no indication that Zeta had any intention to use CAA after the summative
test.
Figure G.13: Zeta’s learning cycles.
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handwritten notes. Although Zeta did not mention so in the interview, he said in the
questionnaire that he would usually attempt the test five times or more.
Zeta found — like other students — that it was possible to obtain the feedback from the
questions without making a serious attempt at answering the questions; however, he was
reluctant to do this too frequently: “the only time that I do it is if I have no clue — if I
see a question and I have no idea what’s going on, that’s the only time [I do that].”
Like many of the interviewed students, Zeta gave suggestions of dependence on the
feedback. Generally, he found the feedback useful and it helped him to improve. He
appreciated the variety of feedback, which sometimes included full-worked solutions and
sometimes referred students to a particular reference point in their workbooks or lecture
notes. In the latter cases, more effort was required from the student to correct their
mistakes; however, Zeta found this to be frustrating. He said, “There are some where
it’s just the theory, which is ok, but I guess it requires a bit more effort and that’s just
stupid.”
In the summative test, Zeta aimed to get “high marks” — or between eighty and ninety
per cent, as suggested in his questionnaire response — and tended to achieve that score.
Indeed, he was surprised that his marks did not change significantly between the two
semesters, given that in one semester methods marks were not awarded.
Zeta, like others, found the lack of method marks to be unusual and was very much in
favour of gaining credit for applying a method correctly: “I’ve got quite a strong opinion
on these method marks. I’m sort of one of those students that I’ll do all the right working
out and I’ll get everything right and just mix up a number at the end, which [is] giving
me zero.”
Like Epsilon, Zeta appreciated the learning experience arising from receiving zero marks,
saying, “It is effective on the alternative argument that, in real life, you have to get
the right answer.” However, he found receiving zero to be a disincentive for correcting
mistakes, suggesting that a zero mark does not indicate the size of improvement required.
G.6.4 Effectiveness of CAA
Nonetheless, the combination of the CAA practice tests and the paper summative tests
appeared to be effective for Zeta. For the most part, CAA practice tests enabled him to
identify his weak areas, which had a purpose for both the summative test and the exam.
The summative tests offered some learning experiences and Zeta tended to get the score
he was aiming for.
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Subject
Eta
Object
Obtain a first class
degree
Tools
CAA
Lecture notes
Workbooks
Rules
Plagiarism rules
Community
Colleagues on the same
course
Division of labour
Colleagues helped him to catch up
Group approach to CAA tests
Outcome
Aimed to get 100% in every
CAA test
Wanted to pursue more chal-
lenging goals
Figure G.14: Eta appeared to get more out of the CAA tests than most; however he
found the system could not help him beyond his initial learning goal to get 100% in the
summative test.
Zeta remained dependent on the feedback offered by the CAA system. It did not seem
to have a detrimental effect on his ability to achieve his learning goals, however, and
there were evidently instances where Zeta followed the advice of the feedback to seek
assistance in his lecture notes or workbooks. He displayed some autonomy in assisting
others and, Zeta insisted, these occurrences helped him develop a greater understanding
of these topics.
It is also unclear what Zeta did after the summative tests in each case, and thus whether
Zeta continued on the learning cycle beyond the summative test is not revealed. He
suggested he did not seek to correct mistakes in the summative test — particularly for
questions for which they received zero marks — but he was considering using the practice
tests for exam revision.
G.7 Eta
G.7.1 Identity and Aims
Eta was an Engineering Department A student that aimed for a first class degree. Before
university, he studied Further Mathematics at A Level and this gave him confidence and
experience for the first year material, saying that the modules were “relatively easy”.
He characterised himself as a student that was able to learn new material quickly; how-
ever, he was prone to distractions and procrastination. He aimed to achieve 100% in every
test in order to acquire the full 5% of the overall module score given to CAA testing.
Appendix 210
Like Zeta, Eta did not have clear intentions for what he wanted to do after university,
though he indicated an interest in working in engineering in the questionnaire.
G.7.2 External influences
Eta believed that collaboration was quite widespread among the Engineering Department
A cohort — somewhat at odds with Epsilon’s beliefs. When Eta fell ill towards the
beginning of the second semester, he depended on the support of other students. He
presented a positive impression of the group of students that assisted them:
“My friends did come over to help me figure out the inverse Laplace and all
that. In my block, there’s about four of us who do the Aero/Auto degree
and we all have to do the maths tests. At one point, there was [sic] all of
us in the room on the whiteboards trying to figure out one of the questions.
The group work does help. It’s quite useful just to see how other people do
it, see if there’s a quicker way to do it, comparing it to the formula book and
all of that. But yeah, that’s good for when you want to learn how to do the
method quicker. Sometimes, on your own, you don’t really get it. But when
you’re in a group, it just all comes together.”
Not only did Eta suggest that such collaborations were commonplace, but group work
was particularly well-organised. Many groups took to seminar rooms to discuss methods
and questions on the whiteboards for coursework and lab reports, as well as CAA.
Though Eta found group work particularly helpful for catching up, he did not always
find it useful. He said, “At times, if people work at a fast or slower pace than you, I find
it easier to go away by myself and do it in my own time.” Consequently, he tended to
work with others at the start of the practice test phase before working independently to
ensure that he had perfected the techniques.
G.7.3 Learning Cycles
Eta had developed a regime for the CAA practice tests. Initially, he would read his
lecture notes “because it’s just copied off the board. I don’t get time to understand”.
He would then work with colleagues and discuss any problems they had encountered.
After trying the tests with others, Eta would “try to do the methods by myself and then
perfect them.”
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(a) Eta’s practice regime was somewhat the reverse of Epsilon’s. Eta worked with peers first to
discuss the assessment and the feedback to identify the questions he cannot do. Peer support
provided additional feedback to that provided by CAA. After a period of group work, Eta changed
his aim to ensure that he was able to answer all the questions independent of his peers.
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Concentrate on incorrect answers
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(b) Once working independently, Eta’s learning cycle is similar to many of the other students:
Eta continued to use practice tests until he was confident that he could answer all the questions
correctly, and used the CAA feedback to create spontaneous notes. Unlike the other students
that adopted similar cycles, Eta answered every question every time he took the practice test.
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100% in the
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CAA
summative
test
CAA score
Achieve
high marks
(c) Eta aimed to achieve 100% in the paper test and suggested that he often achieved this aim.
Unlike the other students in this study, Eta desired to develop further understanding after the
summative test, but the learning cycle ended here. There were two reasons for this: Eta felt
pressured for time and prioritised the work that would give them marks; and Eta felt that the
CAA system was less well-equipped to test students’ conceptual knowledge.
Figure G.15: Eta’s learning cycles.
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When working independently, Eta would attempt every question and concentrate more
time on those he answered incorrectly on the previous attempt. Unlike others in this
sample, Eta stated explicitly that he answered every question on each attempt at the
practice test. These iterations continued until he was confident that his methods for each
question were correct.
For the summative test, Eta felt prepared having done the practice tests and workbook
questions. He noticed that these two resources complemented each other and, together,
prepared him sufficiently for the summative test. He said, “They definitely do help. I
couldn’t do well without them really — the [workbooks] or the practice tests.”
Although some other students mentioned that the CAA feedback was not personal, Eta
believed that, because the feedback was not personalised to his responses, it should
not be considered true feedback. Comparing CAA to other types of coursework, Eta
said, “Detailed feedback makes coursework very useful. . . You know when you do the
coursework that [the feedback tells you], ‘I need to practise this’. . . So, if it [CAA] had
feedback, that would make it much better” (emphasis added).
Beyond the summative test, Eta believed there was potential in the system to enable him
to further develop his understanding. However, Eta felt that had the system possessed
this capability, he would have been tempted to overlook more challenging questions due
to time constraints. He suggested that time pressures were a reason for not dwelling on
CAA once the summative test had been marked.
G.7.4 Effectiveness of CAA
For Eta, the system had been relatively effective. During the course of the practice
test phase, he developed greater autonomy by ensuring he could complete every question
without his peers, albeit with assistance from the feedback, workbooks and lecture notes.
Unlike some of the other students in this sample, Eta displayed some flexibility and ability
to address problems from various contexts by not relying on the CAA feedback alone.
Furthermore, Eta appeared to achieve his learning goals for both practice and summative
phases. However, Eta progressed further than most other students in the sample inso-
much that this testing regime inspired the creation of a new, more challenging learning
goal. Unfortunately, he found that CAA was not effective at testing these new goals
and he would not have sufficient time to develop the understanding he desired to acquire
anyway.
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Figure G.16: Theta relied much less on her student peers than other students in the
study. She encountered a contradiction when the lecturer changed after the end of the
first semester.
G.8 Theta
G.8.1 Identity and Aims
Theta was an Engineering Department E student who declared that she had not con-
sidered a particular degree classification to aim for. Prior to arriving at the institution,
Theta had been working in materials and in engineering roles. She had used little mathe-
matics in that time and had not studied mathematics in her post-16 education. Therefore,
there had been some years since Theta used mathematics regularly and had not studied
it to the same level as many of her peers.
This led to Theta feeling a lack of confidence; she was aware that most of her colleagues
had greater and more recent experience of mathematics. Nonetheless, she confirmed that
she was enjoying the course, saying, “The struggle’s been worth it.”
Her aim was to improve her employability and, as such, she aimed to get a degree. For
the mathematics components of the course, Theta aimed to pass and then to do as well
as possible beyond that. Because twenty per cent of the module mark comprised CAA
scores, Theta saw the tests as an opportunity to gain marks prior to the exam: she aimed
to have “bagged a good 15%”.
G.8.2 External influences
Theta believed that collaboration was uncommon among the cohort of Engineering De-
partment E students in the mathematics modules and was aware that collaboration
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within the cohort was more common in the Engineering Department E modules.
When asked, Theta was open-minded with respect to collaboration. Initially, she had
reservations about it and worked alone; however, an obligatory collaborative assignment
in another module challenged her preconceptions and she found the exercise enjoyable.
However, she placed great importance on understanding the material and felt that too
much collaborative work would endanger the breadth of her experience.
Theta believed she was independent as a learner, and appreciated that this did not mean
working alone. She was prepared to ask for help when it was required. There were
occasions in CAA when she requested support, but ensured that she was able to solve
the problem independently afterwards.
G.8.3 Learning Cycles
Theta approached the practice tests in a way similar to some other students in the
sample: she would take a practice test in the first instance to identify problem questions,
then concentrate on those questions she had answered incorrectly. Theta also gave much
clearer detail over her regime than other students, saying, “I think it goes up the week
before, so I’ll practise three times a day, every day, up until the day [of the summative
test]. It’s usually sat on a Thursday, so I’ll practise, like, five times through the day so
it’s fresh in my head, ready for the test.” Theta used the practice tests to ensure she
was confident enough with the material to pass the test.
In the summative test, Theta’s aim was to do as well as possible but, at the very least,
her priority was to pass the test. As in the case of the Engineering Department A cohort,
Theta experienced different CAA practices between the two semesters: in one semester,
students completed invigilated, open-book paper tests; in the other, the tests were also
invigilated but conducted online on the CAA system, and no additional materials were
permitted. Theta found the transition between the two to be a challenge.
In the first semester, Theta was able to achieve her goals. The summative test questions
were similar to the practice test questions so she felt adequately prepared and confident.
In the second semester, the questions demanded the same techniques but of unfamiliar
contexts; and Theta found it difficult to adjust:
“The open-book exam made me think, ‘Well, if I can get the answers right
in practice, there’s no reason as to why something similar like this wouldn’t
come up.’ So obviously, I didn’t write down the answer, but I would write
down the method that I had used. And I got to the real [open-book] one
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(a) Theta aimed to develop her confidence and understanding of the topics, since she felt that
was where she was weak compared to their peers. The way in which she tackled the practice
tests was very similar to some of the other students in this study. Theta would continue to use
the practice tests until she was sufficiently confident for the summative test, concentrating on
answers she had answered incorrectly in the previous cycle. Theta also used the mathematics
support centre for assistance when she encountered difficulty.
Pass the
summative
test
CAA
summative
test
CAA score
Passed the
summative
test
Exam revision
(b) Theta’s aim for the summative test was to pass. Since the test was invigilated, she did not
use any external resources. Nonetheless, she achieved her aim in every one of the practice tests
in the first semester. After the summative test, Theta intended to use the practice tests to revise
for the exam.
Figure G.17: Theta’s learning cycles for the first semester.
and the methods didn’t help, because there were other methods that were
needed. . . . I was so confused that in the end I just thought, ‘Ok, I’m just
going to have to accept the fact that I could fail this one and be ready for
the next one’.”
G.8.4 Effectiveness of CAA
The second semester demonstrated the problem of dependence on the CAA system:
Theta remained dependent on the contexts presented in CAA and, therefore, struggled
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(a) Although Theta was aware of the difference in the CAA practice adopted by the two lecturers,
Theta approached the practice tests in the same way in the second semester as she did in the
first semester.
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(b) The paper test was invigilated and open-book, and the context of the questions were less
familiar to those that were accustomed to the questions on the CAA practice tests. Theta felt
that the unfamiliarity of the context caused her to fail some of the paper tests. When Theta
passed the tests, she expressed the same desire to use the tests to revise for the exam, since she
believed they would be useful; however, when she failed the test, Theta’s learning cycle stopped.
Figure G.18: Theta’s learning cycles for the second semester.
when the context changed. It highlights a problem that might not be observed elsewhere,
since in the other cases in this sample, the contexts used in questions remain largely
consistent between the practice tests and the summative tests.
Unfortunately for Theta, she failed some of these tests, so she did not achieve her goal
of passing the tests. Furthermore, at this point Theta decided to abandon that topic
and concentrate her efforts on the next test. Consequently, this demonstrated that the
testing regime was not so effective for Theta, as her learning cycle stopped at this point.
As for autonomy, Theta display some self-regulation skills in how she conducted her
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learning. She avoided dependence on peers for support, yet realised when it was appro-
priate to seek help. However, this autonomy led Theta to believe that she was adequately
prepared for the test. Thus it would appear that CAA was not effective at assisting Theta
to develop sufficient autonomy from the system itself.
However, like some of the students, Theta expressed a desire to maintain access to the
practice tests as preparation for the module exam.
G.9 Iota
G.9.1 Identity and Aims
Iota was an Engineering Department G student that was aiming for a 2:1. Like Theta,
Iota considered his mathematical background to be inferior to his peers, having not
studied mathematics beyond the age of sixteen. Although he “scraped the requirement”
for the course in terms of mathematics study, Iota said of the mathematics component
of the course, “It’s not been too bad, to be fair. We do. . . some complex stuff, but they
do start at the beginning of every topic with the basics.”
Iota was clear with his aim: “I’m at university to get a degree, to get the best degree I can
possibly get. I’m in it for 100%”. He viewed CAA as being part of a “pre-exam block”,
which comprised summative assessments and coursework that are completed prior to the
exam. In Iota’s mathematics module, the pre-exam block was worth 40% of the overall
module score, of which half was CAA. Therefore, Iota viewed CAA as an opportunity to
account for 20% of the module score before the exam.
He believed that this notion was widespread across the Engineering Department G cohort.
The fact that the pre-exam block was 40% was significant: the pass mark for the module
was 40%, so students could be reasonably assured they would pass the module if they
performed well in these assignments. Iota said:
“I think I’m on about 17 or 18 [per cent] now, plus the potential 20% from the
coursework, which should be about the same — you don’t need more more to
bump it over to a pass grade. . . to have up to 40% before the exam is pretty
significant in my eyes, I would say. Anything you can get before just helps
to take pressure off that exam situation.”
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However, while marks were Iota’s primary aim, he was aware of the need to develop
understanding since the material in the first year mathematics course would be a foun-
dation for new material in subsequent years. He felt that he was catching up with his
peers in these terms, adding, “And that’s obviously through the [CAA].”
G.9.2 External influences
Though Iota enjoyed experiences of collaboration, he believed it was because he was with
“like-minded people” with similar aims — “to get the best mark they can” — and was
wary of being placed with others with different aims.
Despite the positive experiences, Iota did not collaborate while using CAA and believed
that collaborating on CAA was rare in the cohort. He explained, “I think. . . for most
people on my course, the CAA tests are a bit of a walk in the park, because I think the
majority have done maths to a high level, so it’s mostly revision to them. So they just
arrive, sit down, and ten minutes later, they’re gone.”
G.9.3 Learning Cycles
Iota found the regime of practice similar questions multiple times to be helpful and felt
that it was particularly beneficial given his mathematical experience. He also felt that
the opportunity to learn by “doing” was compatible with his learning style. He said, “I
tend to absorb the theory really by learning through applying it, and that’s beauty of
this CAA system where I can just go through and do the questions over and over again.”
When doing the practice tests, Iota would have his lecture notes, formula book, a cal-
culator and anything else he deemed potentially useful and conducted the tests in his
room. He did the test several times in order to ensure he had grasped the method. He
said, “Even if I’ve done the question ten times and I’m sure how to do it, I’ll make sure
that I go through [the whole test] writing the whole method, just so it sinks in.”
Like Theta, Iota made use of the availability of the practice tests over an entire week and
was very happy with the feedback it offered: “you get your overall mark and then which
questions were right and wrong. . . the wrong answers, it shows your answer and then the
working and method to get to the right answer, and any general results you might need
to get there.” Furthermore, the immediacy of the feedback meant that he did not have
to wait to observe improvements: “You’re not waiting two weeks and you’ve forgotten
what the questions were and what you had written.”
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When it came to the summative test, Iota had a set of written notes containing things he
considered important or useful, as well as the formula booklet. He did not have a specific
aim and, despite insisting that marks were important at the start of the interview, Iota
seemed relatively content to have acquired sufficient understanding to be at a par with
his peers. Consequently, Iota felt that CAA was more testing for him than for his peers.
G.9.4 Effectiveness of CAA
Like others, Iota felt the lack of a human assessor results in the loss of an opportunity for
receiving feedback — and marks: he said, “If you were to take a human-written exam,
they can obviously see that you’ve written all your working and you’re going to get two
out of four [for a sign error] or whatever, it may be just for the working. . . but if you put
it into the CAA, you get nought out.”
Judging Iota’s reflections on CAA, it would appear that CAA was effective for his aims
to reach a similar level of understanding as his peers. As for marks, he was pleased with
having gained 17 to 18% in the pre-exam block from CAA.
For the summative test, Iota’s aim was not particularly challenging, and perhaps it indi-
cates that he did not anticipate the possibility of learning taking place in a summative
test. It also resulted in a halt to the learning cycle once the summative test was com-
pleted. With respect to autonomy, Iota remained somewhat dependent on the system to
provide opportunities for practice; however, he also found that this system was perfectly
sufficient for his aims.
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Lecturer interview case studies
H.1 Kappa
H.1.1 Subject
Kappa was an experienced lecturer whose research was in the field of mathematics ped-
agogy. She reflected upon her teaching practice in light of her own research and her
reading of others’ contribution to mathematics pedagogy literature.
She was regarded highly for this expertise both within the department and more widely
in the mathematics education community. As Roth (2007b) argued, identity is a con-
struction from what an individual has done and what they think. In Kappa’s case, her
Subject
Kappa
Object
Assessing her students
Tools
CAA
Group coursework
Rules
Departmental rules
Rules from mathematics
pedagogy community
Community
Department
Mathematics education
community
Assessment community
Division of labour
CAA marking
CAA technician prepares tests
Outcome
Awareness of students’ under-
standing
Stable assessment practice
Figure H.1: Kappa’s activity for assessment showing contradictions sited within the
subject and between the tools and object of activity
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research, her practice and the beliefs that she had generated through her work comprised
her identity and moulded the way she acted when teaching.
Using the notion of figured worlds (Holland:2001wn), Kappa had developed identities
as a teacher, researcher of mathematics pedagogy and expert in mathematics education.
These figured worlds were by no means disparate: they were related and were mutually
influential. For the activity of assessing her students, Kappa spoke from each of these
identities, demonstrating the influences that they have on each other: in particular, she
noted the introduction of the group projects as a result of a research project she had
been working on.
H.1.2 Object
Kappa’s object for the activity was driven by her research and reading. She emphasised
the need to allow students to explore the concepts behind the mathematics they were
using, which needed to occur alongside giving students the confidence to perform the
procedures they are required to learn. Therefore, she realised the importance of giving
students the opportunity to practise and gain feedback on their work.
By offering regular interim assessments, Kappa could monitor students and allow stu-
dents to monitor themselves in their learning. However, such regular testing would be a
burden on her time in preparing and writing meaningful feedback using traditional as-
sessments techniques. While she wanted to offer students this facility, she acknowledged
that she was already pressured for time.
H.1.3 Tools
She used CAA with her students in Engineering Department E. In the past she had
been reluctant to use some online assessment resources as she found them to lack rigour
and had been rudimentary. She had been generally keen to introduce technology in
her teaching where it would help students to grasp topics and develop their conceptual
awareness.
She used the CAA system with these students since they offered the opportunity for
students to practise: “I think that they fulfil a very useful purpose in enabling students
to practise and become familiar and confident with the way of doing things.”
This was not the only aim that Kappa had for the interim assessments. As well as offering
the opportunity to practise, Kappa desired to test students’ conceptual understanding:
“I put an important emphasis on conceptual work, but that doesn’t say there’s no need
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to practise.” Kappa felt that the CAA system was not sufficient for testing conceptual
understanding in its current state, but fulfilled the purpose of ensuring that students
were tested on their procedural work.
For these reasons, Kappa found it insufficient to depend on one tool to carry out the
activity and adopted other assessment techniques to reach the object of the activity.
While CAA was a useful tool for testing many students quickly, other assessment tools
could be used to test conceptual understanding. She said, “If they [the CAA tests] were
the only form of assessment, then I would feel that maths learning was impoverished,
because there is a lot of encouragement for instrumental learning.”
Kappa was keen not to reduce the assessment regime to one kind of assessment tool; she
was content to have the variety of CAA alongside projects to assess different types of
knowledge of understanding. For that reason, she was not keen on the idea of introducing
questions that assess conceptual understanding to CAA: “It’s not so much that I want
to put more challenging questions on the CAA, but by themselves, they [the CAA tests]
don’t offer so much of a challenge as I want. But given that the CAA is part of a wider
assessment programme, then the CAA alone is not offering the degree of challenge I want
overall.”
H.1.4 Community
Kappa was a member of many communities that had an impact on her activity of as-
sessing her students. She was a member of the mathematics lecturers and department;
she was a member of local, regional and international communities of mathematics edu-
cation researchers; and she keenly kept abreast of innovations in mathematics learning,
pedagogy and assessment literature.
These communities affected her in many ways: not least in the formation of her lead-
ing identity for this activity. She was aware of the various tools at her disposal that
would help with her activity: from the CAA made available by the department, to the
techniques discussed in the other communities.
Division of labour
One of the many reasons that lecturers are tempted to use the CAA system is the
opportunity to save time by having assessments marked automatically by a computer.
Further time is saved in the preparation of such assessments since a staff member is
dedicated to setting up tests to the lecturer’s liking. In practice, this meant that lecturers
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could request which questions appear in the tests, how long the practice tests are made
available, and precisely when the summative test is made available.
Kappa made use of this division of labour: “What’s particularly good about them. . . is
that more or less somebody else does all the work. So, I get a form of assessment
that is useful within the boundaries that I’ve stated, and it happens. Whereas for
the projects [which assess conceptual understanding], I’ve just spent almost the entire
weekend marking a set of projects. . . They are hugely labour-intensive, whereas CAA
tests are not.”
The workbooks, which are given to students as a core document for each topic within
their engineering mathematics modules, also offered the students the opportunity to
explore the knowledge they had acquired away from lectures. They allowed the students
to explore different contexts in which to use their mathematical knowledge.
Rules
Like all the other lecturers, Kappa was bound by the rules of the organisation regarding
the use of assessment, including safeguarding against the effects of plagiarism. Although
she was compelled to act upon plagiarism incidents, she was intent on avoiding such
instances by ensuring that the students could not collaborate during summative assess-
ments. To that end, she invigilated the CAA summative tests.
Invigilating the test also provided benefits in terms of the trust Kappa could place in the
scores students gained. When Kappa was asked why she invigilated the summative test,
she said, “How do you know who’s done it? How do you know that they’ve done it on
their own? How do you know if they’ve copied from somebody else or from the book? I
invigilate because I want to see what each student working on their own can achieve.”
She was also a member of a wider mathematics education research community, which had
an effect on her identity as a lecturer and educator, the object of her activity and what
she considered to be good assessment practice. The principles of this good assessment
practice manifested as a set of rules by which she was obligated to follow in her assessment
regime, which included:
• the need to assess students on their conceptual understanding as well as their
procedural capabilities;
• to monitor her students’ progress, and allow students to do the same;
• to offer regular and timely feedback.
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The influence of the rules by which she abided had a clear influence on the object of
her activity. These rules were beyond the expectations that were placed on her by the
department. She had noted particularly the need to test the students on their conceptual
knowledge during the semester; she found that the CAA system was not capable of testing
students to the extent she required.
Since the tool satisfied many of her aims and brought her closer to the object of the
activity, the contradiction was not sufficient to warrant abandoning the tool. The CAA
system was also considered a part of the learning regime among the engineering depart-
ment, since it operated as an adjunct to the workbooks.
H.1.5 Contradictions
There were two main sites contradiction that Kappa experienced in the course of assessing
her students: a primary contradiction that formed between the identities she had formed
within her communities, and a secondary contradiction between the sole use of the CAA
system and the object of her activity (Figure H.1).
Kappa developed a leading identity as an assessor, which incorporated aspects of each
of the lecturer, researcher and expert identities that informed her practice. One effect of
complementing these identities was that that Kappa remained critically reflective with
her practice and was perhaps the least influenced of all the interviewed lecturers by
learning experiences at school and university. Gustin (1985) suggested that mathematics
experts might hold beliefs influenced by these early experiences, but Kappa was a counter-
example.
However, there emerged conflicts between identities. Kappa was keen to develop her
assessment practice by incorporating technology — using geometry software and having
a weekly session for her students in a computer laboratory, for example — but this had
an impact on the time she spent on her teaching. Each of the activities associated with
these identities demanded much of her time, and she had to deal with the conflicts arising
between her identities to manage the time she spent on these activities.
Inevitably, she felt that she could not develop her practice to exactly how she would
want to have it had she had the time to do so. She acknowledged that she had to make
compromises between her ideals, which were motivated by her identities. Nonetheless,
she was satisfied with her practice and it had reached a stable state.
Reaching this stable state relates to the notion of the the self as a leading activity, since
Kappa exemplified the development of a “real-life activity that most explicitly positions
individuals to meaningfully contribute to the ongoing social collaborative practices in
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the world” (Stetsenko & Arievitch, 2004, p. 493). That is, Kappa used her experience
as a lecturer, mathematics pedagogy researcher and mathematics education expert to
develop an identity as an assessor, which in turn allowed her to advise others on their
assessment practice.
Kappa faced a secondary contradiction between the object of the activity and the CAA
system tool that she was using. As noted previously, Kappa’s interpretation of the rules
influenced the object of the activity. Like some of the other lecturers in the study,
this rendered the CAA system insufficient for achieving for satisfying the object of the
activity.
In Kappa’s case, the need to assess students on their conceptual understanding was not
satisfied by the CAA system. Although she was not keen to add conceptually challenging
questions to the CAA, Kappa noted that one of the barriers that she faced when using
this system was that she could not design her own questions for the system. This meant
that she relied on the existing question bank. She also felt that the CAA tests “encourage
a more instrumental way of seeing mathematics” that reduces mathematics to a set of
procedures to follow.
She addressed this contradiction by introducing group project work. In doing so, she
was able to challenge the students’ conceptual understanding and to gain experience of
new contexts. Although this was a recent addition to the course, Kappa was content
that the projects had served the purpose for which they were introduced. That is, they
resolved the contradiction that arose between the object of her activity and the tool.
The introduction of group project work created a new contradiction: it proved to be
a burden on her time, which the CAA system promised to save. However, Kappa was
satisfied that the time saved by offering CAA tests mitigated against the additional time
expenditure for marking the projects.
H.1.6 Effectiveness
For Kappa, the CAA system was effective for the testing of students’ individual work
on procedures and it satisfied her aims to asses her students quickly and obtain reliable
indicators of their performances. Her CAA practice had developed over several years, so
at the time of the interview, her practice using the CAA system had become stable.
She reported that the last major change to her practice was to reduce the number of
CAA tests from four to two over the course of the semester, and to make the tests twice
as long to accommodate the testing of the material. She reasoned, “With the four CAA
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Figure H.2: The assessment is effective for Kappa’s goal to assess students quickly
on their procedural knowledge, but it is not effective for testing conceptual knowledge
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Lambda
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Assessing his students
Tools
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Paper test
Rules
Departmental rules
Experiences of assessment
internationally
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Engineering department
Other lecturers
Division of labour
CAA offers feedback to students
Outcome
Reduced student context de-
pendence
Differentiating between stu-
dents
Stable assessment practice
Figure H.3: Lambda’s activity involves the use of paper tests as well as the CAA
practice tests to assess his students. He placed additional rules for assessment on
himself, taking into consideration his experiences and beliefs of best practice.
tests that I had, many students were finishing very quickly. So, being given twice the
number of questions didn’t seem unreasonable.”
While CAA remained effective for Kappa’s goals to assess students’ procedural ability,
she could not see a use of CAA as a means to accomplish her goal to assess students’
conceptual understanding (Figure H.2) and, this, the CAA system was not effective for
this aim. Although this did not cause problems for Kappa — she was satisfied in using
other assessment types for this aim — it served to illustrate one of the limitations of the
CAA system.
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H.2 Lambda
H.2.1 Subject
Lambda was an experienced lecturer in engineering mathematics, having taught in several
different institutions both in the UK and further afield in this area.
His experiences of working with students in different countries gave him insight into
the diversity of challenges that students face on an engineering programme. While he
demanded much from his students and was strict with assessment, he was confident that
his teaching and assessment practices enabled him to understand how well his students
were performing.
He applied this experience often as a tutor in the mathematics support centre, providing
one-to-one support to students with questions in mathematics.
H.2.2 Object
The object for Lambda was to provide assessment that tested every student. The goals
he wished to achieve in assessment that are directed towards this object were numerous.
• He wanted students to apply themselves without being dependent on the context.
He was keen that students felt that there was always more to learn and could
extend their knowledge further.
• He wanted to gain an insight into his students: he wished to know what topics
they were good at and to be able to differentiate between the most and least able.
• He wanted students to practise between lectures; he was concerned that, in the
absence of mandatory assessment, many students would not apply themselves be-
tween lectures and tutorials and, consequently, they would also forget the lecture
content.
H.2.3 Tools
Lambda used CAA with his students in Engineering Department F. Lambda allowed
students to access the CAA practice tests but conducted the summative test on paper
in invigilated conditions, using questions he had written himself.
He was keen for students to do some work between lectures and providing an assessment
encouraged students to do so. He also wanted to encourage students to practise using
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the procedures they had learned. The CAA practice tests offered him the tool to provide
such a facility. However, he was concerned that using the CAA summative test questions
would not provide sufficient challenge and would foster a dependence on certain contexts:
“Some of them just repeat and repeat [the questions] and it becomes computerised. If
you give them the same question with simple changes, they cannot do it.”
Lambda felt that the CAA summative tests did not offer enough questions to be able
to differentiate between students. He believed that the most able students were not
sufficiently tested and should be tested on material beyond the scope of the practice
tests:
“The reason why is because I looked at some of these tests myself and I can see
that the questions are mostly repeated and are simple, and therefore, what I
want, is I want to differentiate between someone who could do a normal task
and someone could do something more difficult.”
While Lambda felt that the CAA questions were limited and restricting, he felt there
was potential to improve the system so that it was better able to achieve his aims for
assessment. To improve the questions, he said, “I think what you really need is to set
some question with some twists. . . what you need is that you really need to impose that
factor of making the students think.” However, time was a limiting factor, though he
would be happy to develop such questions if he was asked.
“It depends whether I have the time or not. That’s something that depends.
But I’m quite happy, for example, if I was asked about some questions to
contribute. I’m quite happy to do that.”
In addition to the practice tests, Lambda provided students with some optional tutorial
sheets that he produced; however he was unsure whether students attempted them: “The
reason I give them these practice tests is so at least they have an idea of what they can
expect in the paper test and they should really practise. Sometimes, I give them extra
tutorial sheets to do outside [of the practice tests], but I don’t know whether they do
these or not.”
H.2.4 Community
Lambda felt that his commitments as a lecturer were twofold: he had a commitment to-
wards his students to give them the knowledge and tools they required for their learning
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and onward success; and he also had a commitment to his colleagues to provide rigor-
ous and fair assessment to students that offered an accurate portrayal of his students’
accomplishments.
He recounted a discussion he had had about CAA with a colleague. In the following anec-
dote, he shared his beliefs that students using CAA were becoming context dependent,
which affected their success in the exam.
“One of the lecturers some time ago was complaining that the students didn’t
do so well on the examination. And I pointed out to him, ‘I think you really
need to give them some written tests. The reason being you can prepare
them for the final examination.’ Because sitting a test is different from doing
a practice test on a computer. So, that’s the only time I’ve come across such
a discussion.”
Division of labour
Lambda was part of a group of lecturers that was employed to teach mathematics to engi-
neering students. While this group was not strictly part of the mathematics department,
this distinction did not appear to create any contradictions.
H.2.5 Contradictions
He was wary of the CAA summative tests: aside from the context-dependency that he
was keen to avoid, he acknowledged that the current system was not actively maintained
to update or improve the question bank: “I think we stopped really putting resources
in this for a long time. As I recall, I’ve been here now for six years, and I haven’t seen
anyone really doing any work on this.”
He had also seen capable students that were willing to abuse the system: “I was seeing this
students, who was doing his test on the computer. . . He was using Maple [a mathematics
software package] at the same time and just wrote the answer [that Maple provided]. So
how are you really going to check that? . . . He knows or she knows Mathematica [another
mathematics software package] or Maple, and you put all the questions and could really
do it in a second, put the answer and get a full mark.”
Lambda also believed that retaining a human element to assessment was important;
he felt it was necessary to be able to offer personal feedback in some circumstances,
particularly when the student has made contact with the lecturer to gain more insight
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into the mark he or she had received. He believed that the CAA system was a barrier
to human contact: he felt that students were reluctant to approach him for questions
about the CAA tests, but were otherwise willing when they had questions about other
assessments.
Since the paper tests were invigilated, Lambda was encouraging of students to collaborate
when using the practice tests. He understood that, despite his encouragement, some
students may be more intimidated to ask him questions about the work than they would
be asking their peers. He added that, “I’ve never had any students who approached me
to discuss the practice test with me at all over the last five years.” Students had only
contacted him to request access to the practice tests in preparation for the exam, which
he permitted.
For the paper-based summative test, he was keen to avoid using similar questions to those
in the CAA practice tests, saying, “If I use the questions which students have already
seen in the practice tests, I’m not doing anything else: they [the students] have an image
of the type of question they’re going to expect and, therefore, they are not going to do
any extra work apart from this [the practice tests]. But with a paper test, they know
they really need to take the extra mile, to make sure they are well-prepared for the test.”
Therefore, not only was Lambda keen to avoid context-dependency, he also wished to
convey the importance for students to take extra care and consideration when preparing
for a test. This is further evident from the following quote in which Lambda recalls
advising a colleague on CAA practice:
“One of the lecturers, some time ago, was complaining that the students
didn’t do so well on the examination and I pointed out to him, ‘I think you
really need to give them some written tests: the reason being you can prepare
them for the final examination.’ Because sitting a test is different from doing
a practice test on the computer.”
H.2.6 Effectiveness
When asked about what he believed an effective assessment should be, Lambda de-
scribed questions that tested students’ abilities to apply their procedural and conceptual
knowledge to unfamiliar and practical contexts:
“I think ‘effective’ [is] in the sense that when you set a question, you need to
really see whether the students understood the basics of the topic, and how
they’re going to apply that for a practical problem. And then. . . if you could
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Figure H.4: Lambda found the combination of practice tests and paper tests to be
effective, though it is not clear how this practice will develop
really link that question to another topic they stupid — say, last year, or in
engineering. . .— I think that will be very useful for students.”
In this quote, Lambda expressed a belief that an effective assessment should be effective
for students, too. It is also clear that his method of writing paper tests in lieu of the
CAA summative tests made the assessment effective, in his view. During the interview,
Lambda displayed examples of the question he had used in these tests to the interviewer;
these questions referred to practical, engineering contexts and some questions invited
students to call upon various topics of their previous lectures to solve the problems.
For Lambda, the assessment regime he had employed was effective for his aims. The
CAA practice tests were a necessary part of this regime — it allowed students to study
and practise at their own pace — but the summative test could neither provide the
challenge nor the ability to differentiate students on their ability and understanding.
Thus the summative test was not effective, since they would not satisfy Lambda’s aims
for assessment.
Although Lambda did not express any desire in the interview to change the CAA summa-
tive tests to suit his aims, it would appear that Lambda desired more complex questioning
and more of an engineering context in the summative test before he would consider using
it. However, Lambda was also more keen to retain a human element to the assessment,
which is at odds with Lambda’s perceptions of the CAA system.
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Figure H.5: Mu used CAA as a means to encourage her students to practise between
lectures. The pitfalls in using CAA as a summative assessment meant that she did not
regard students’ scores as important.
H.3 Mu
H.3.1 Subject
Mu was an experienced lecturer whose research was in mathematics education and, in
particular, cognition at undergraduate level. She had a national and international repu-
tation for her research contributions in this field and she was well-regarded as a lecturer
among her students.
She developed identities as a mathematics education researcher and as a mathematics
lecturer. There was some influence between these two identities: her research helped
to inform her teaching practice and her observations while teaching helped generate
hypotheses and ideas for her research.
H.3.2 Object
The object of Mu’s assessment activity was to assess her students in their mathematical
knowledge. She partitioned this object into several goals that related to the level of
understanding and the quantity of knowledge:
“Ideally, in maths [assessment] you want to do two things, I suppose. You
want to test whether people know the stuff — so whether they know the
definitions, whether they can do the standard things, whether they’ve shown
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some kind of mastery over the topic, which I tend to think of as sort of an up-
to-2:1 level of an answer. . . But you also want to test, ‘Can you do a bit more
than that? Have you understood things sufficiently well that when you’re
presented with something that’s a bit less predictable, you can put some
things together, work out how to apply something things that you know and
do that?’ ”
When she asked whether the CAA system satisfied her definition for ‘effective assess-
ment’, she responded, “Well, in that sense, no, I suppose. If you just asked about a
literal match to what I’ve just said, no, it doesn’t. . . [Though] to some extent, yeah, be-
cause you’re testing, ‘can they do the standard stuff?’ ” Therefore, Mu did not believe
that CAA was suitable as a replacement for all assessment, since it did not achieve what
she wanted to achieve in assessment.
H.3.3 Tools
She used the CAA system to assess students in the Mathematics Department. Mu chiefly
used CAA since it was firmly established on the course when she started teaching it; she
continued the practice since it provided a means to test and offer feedback to a large
number of students in an efficient manner.
The historicity of CAA being firmly established in the course was the overbearing reason
for Mu to continue using it: it had been used successfully by a previous lecturer of this
module and Mu had not been convinced to stop this practice. Other lecturers cited
established practice as the primary motivation for using CAA on their courses.
Mu was not in favour of CAA being the only means of assessment: she was cautious
of missing out on assessing other aspects of knowledge that the current system could
not assess. She felt that the CAA system was not particularly well-suited to assessing
conceptual understanding. Nonetheless, Mu noted that the system was good for assessing
procedures, thus she continued to use the system for this purpose. She felt that exams
were the appropriate opportunity to test students beyond just the procedures, and so
she felt that she had reached a stable practice that assesses students comprehensively in
a range of skills:
“I’m quite satisfied with that [CAA] system for part of the credit, because it
does mean that I can ask proper questions and send people away to prop-
erly think about things, while still testing individuals in that sort of way. I
wouldn’t want to replace final exams with that sort of thing, because I think
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they [the exams] do force you to really think, really try, and not just think
things through, but get to a point where you know the stuff sufficiently well
that you can remember lots and lots and lots of it [the material]. . . I tend to
believe that although people have all these negative things about summative
exams, in order to do well at it, you have to able to do that harder stuff, I
think. You really have to be able to get it together, and it’s not just a case
of memorising.”
She felt that the CAA system was particularly weak for the content of her course, in
which students must memorise and apply definitions:
“There is a very good sense in which it’s not really to my benefit to spend
however-many hours it takes me marking lots of people’s definitions [relating
to the module], for instance. If I could get a machine to do that, that would
be great, because I would want to see it written down, as logical changes are
important and all that kind of stuff. . . . It would be better if that could be
done in a way that didn’t involve me spending so much time because it’s very
standard.”
H.3.4 Community
Mu was a member of two key communities that had an influence on her identity and the
activity of assessing her students: the mathematics education research community and
the mathematics department at the studied institution.
Being a member of the former community made Mu more aware of developments that
had happened in CAA elsewhere:
“I have been to talks where, for instance, [someone] did stuff [at another in-
stitution], talking about questions that are more — I want to say ‘adaptive’
again, because that word’s in my head — but ones where you get potentially
better feedback, or ones where you get hints, or ones where the numbers
are properly randomised, rather that it being just a choice of ten questions.
And that sort of thing is very appealing. I gather that Maple [mathemati-
cal software] and various other systems have various different types of these
questions.”
Because of this awareness of the other tools available, Mu believed that it was possible
that the system could be changed soon: “it may be that we’re all using things that are
a bit better in the next few years, anyway.”
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The prospect of change and the difficulty in making changes to the current system meant
that she did not spend time making changes. With a new system, where changes could
be made more easily, she could envisage spending some time making improvements:
“If it became easy. Which is not to say that I don’t want to continue making
things better. It’s just that there comes a point where, for small things like
this, ‘Am I going to do that? Or am I going to improve my lectures? Or
am I going to say that everything’s good enough and do more work on my
research?’ You know, there’s always that trade-off.”
Here, Mu echoed Kappa’s concerns that there was a tension between teaching and re-
search identities: time spent tending to an activity relating to one identity meant less
time available for activities of the other. She explained in this passage that there came
a point where she believed that her practice was “good enough” and that her time was
better spent on research, rather than on making small changes.
However, Mu was clear that her practice was not always influenced by research from
the mathematics education community because sometimes the advice from research is
conflicting:
“As I said before, I could re-design things so that I thought they were better.
But that would take a lot of time. It’s not clear what the gain would be. And
it’s not clear that I have any evidence about what would be better. Most of
my teaching decisions — even despite the fact that I work in mathematics
education — most of my actual teaching decisions are not evidence-based to
the extent that it would be ‘ideal’. Partly, of course, it’s always difficult to
work out what would be ideal, because the evidence is often so contradictory.”
Mu explained the role of the department in the decisions that she and other lecturers in
the department made for administering their courses:
“That’s one good thing about being an academic. Basically, if you want to
change something on your course, and you’ve got a reasonably sensible reason
for doing it, you can just do it. Sometimes, you have to put things through
committees and stuff if it’s a big change.”
While she enjoyed these freedoms in her teaching, there was a responsibility to ensure
that students were not inconvenienced by these choices. Mu explained that there should
be some continuity between two semesters of a module when there is a change of lecturer:
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“I guess it’s important in this two-semester course to be somewhat consistent
from one semester to the next in how these things are set up, so that the
students are not confused.”
Division of labour
Mu initially found it time-consuming to set up the CAA system for her teaching and
assessment; however, after this initial outlay she found it more straightforward:
“It took me a while to decide first time what questions I wanted to use and
stuff, but it’s now pretty easy, because I just use the same ones again. It was
used by the previous person. So, the system is all set up, so I don’t have
to do any of that. Rough;y when things happen, I just have to tell someone
when I want it. Everything happens without me having to do anything, so
that’s good.”
The assistance provided by support staff made the job of assessing students easier, and
this division of labour was gratefully acknowledged by Mu and other lecturers.
Mu felt that students had a significant part to play in their own learning through as-
sessment. She felt that it was not the role of assessment to provide students with the
motivation to practise — “those who are motivated will do it; those who are not will
probably leave it to the last minute and not get the full benefit out of it” — but the
assessment should be adequate enough to support those that are willing to learn:
“There’s a sense in which I sometimes worry. . . because some students, at
least, are being a little bit obsessive about tests and spending, probably,
disproportionately too much time on that, compared wit other things. . . . I’d
want them to practise. I wouldn’t want them to become obsessive about
getting ten out of ten, because that’s probably not a good use of their time.”
Rules
It is not transparent from the interview where her rules for how assessment should be con-
ducted originated from. However, her identities as a mathematics education researcher
and as a mathematics lecturer within a mathematics department may have been sources
for these rules.
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For each of these identities, there was a community in which Mu was a member. As
noted with Kappa, there would be expectations placed upon members of the mathe-
matics education research community to be aware of new research and updated practice.
Furthermore, the mathematics department and the wider university teaching community
place expectations on lecturers in terms of assessment and teaching practice. There may
also be influences from her experiences as a learner (Gustin, 1985).
An example of how these rules affected her practice was to be found in the feedback she
offered to her students, and in CAA in particular. She noted that it was not feasible to
achieve her ideals for feedback with so many students in the cohort. When asked what
would be better feedback, she said:
“Me sitting in a room with each individual, if that’s the level that you really
want for that sort of feedback. And obviously you can’t achieve that in that
sort of class.”
Mu acknowledged that this was not a realistic expectation. However, she felt that the
CAA feedback was not as good as it ought to have been:
“It’s not good quality feedback. I mean, it’s model answers, which is not
terrible: it’s not just, ‘Yes; no; you were right, or wrong,’ which would be
worse. But it’s a static thing. It doesn’t respond to the student. It doesn’t
give them a chance to have another go.”
Because students were not getting individual feedback that responds to their work, Mu
felt that the feedback was “poor quality”. However, Mu balanced what the CAA system
offered her students against this shortcoming. For Mu, the exercises provided by the
CAA system were an opportunity for the students to practise, which they should be
doing anyway:
“For routine exercises, the students should be doing those anyway. It might
be good if they had access to that sort of thing all the time, so that they
could do the test on their own and study, rather than it necessarily being
part of an assessment scheme.”
Mu also discussed the rules she communicated to her students in terms of how they
should work on the CAA tests. She was keen for students to collaborate during the
practice tests, but discouraged collaboration during the summative test. She did not
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communicate these wishes to her students, however. In the practice tests, she realised
that some students were more inclined to collaborate than others and did not want to
impose collaboration on students that wished to work alone:
“I haven’t encouraged them in any meaningful way, and I don’t know that I
would actively encourage that. I don’t care either way, really. Some people
tend to work on their own and some people don’t. I don’t encourage it, I
suppose. Maybe I should. I mean, I want students to be talking about maths
generally. If they happen to be talking about maths for the test, that’s fine
with me.”
She believed that discouraging students to collaborate in the summative test would be
a futile exercise and did not want to discourage students from seeking help if they were
struggling:
“I would want people to find things they don’t understand and discuss it
with other people, go through their lecture notes together, work on problems
together. Not necessarily a lot, but to some extent, I think it’s good for them
to try and speak about mathematics in a coherent way and practise that.”
. . .
“I don’t think there’s any point [in discouraging collaboration in summative
tests], really. If they’re going to do that, then they’re going to do it. Since
I don’t actually have any actual means of controlling them, then me even
saying that — maybe I should — but there doesn’t seem to be a great deal
of point. If somebody is determined to try to get someone else to do the test
for them, then there is nothing I can do. I would never know, and I would
not be able to stop them.”
Although there is a rule in place within the department that prohibits students from
plagiarising, Mu found that it was impossible to police in practice. However, to mitigate
against this concern, Mu was satisfied that the contribution the tests make towards the
overall module mark was sufficiently small: “I’m not sufficiently worried about it to really
make my own life and their much more difficult by starting to run it as an invigilated
test.”
H.3.5 Contradictions
Mu felt that the system was not able to fulfil all her aims for assessment. She noted
other contradictions: the system offered immediate feedback that students could respond
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to instantly, but Mu was unsure of the quality of the feedback itself. She said, “The
immediate feedback thing — yeah, it depends on the stuff. I don’t use it because of that.
I mean, it’s good that they’re getting some sort of feedback, but. . . the feedback quality
is not that high, really. . . I don’t think it’s good-quality feedback in the sense of being
individual, or being able to give hints, or anything like you would do if you were in a
room with a person, which is a completely different level of helping them to think”.
This compares with the wishes of the Lambda, who was keen to retain a ‘human’ aspect
to assessment. Lambda felt it was important to preserve the possibility of communicating
with students individually if they experience issues with their work. When Mu was asked
about the interaction she had with students, with respect to the CAA tests, she noted
they were technological or functional in nature, rather than related to the mathematics.
She sometimes responded to queries while in the mathematics support centre: “someone
with want more detailed feedback or something like that, or they’ll want to understand
the feedback better. . . but by and large, I don’t get anything other than procedural
queries.”
There is a further contradiction with respect to her aim to encourage students to practise.
While acknowledging that it was broadly a good feature of the CAA system, Mu was
also concerned that students spend too much time and effort on these tests: “There’s
a sense in which I sometimes worry about that, because some students, at least, are
being a little bit obsessive about tests and spending, probably, disproportionately too
much time on that, compare with other things.” She added “I’d want them to practise.
I wouldn’t want them to become obsessive about getting ten out of ten, because that’s
probably not a good use of their time.”
Despite these contradictions, Mu continued to use the CAA system with her students
and acted within the constraints and contradictions. With such a large cohort — “it’s
200 people” — Mu was willing to provide an assessment that would fulfil her simpler
aims and use other assessments to achieve her other aims.
The size of the cohort meant that invigilating the summative test would require excessive
effort to achieve. On balance, Mu believed that the risk of students cheating was not
significant enough to warrant a reconsideration of using the system: “I’m not so worried
about them doing it inappropriately to be honest. It’s a small part of the course. I don’t
want them to be quite cheating, but on the other hand, people who are going to engage
seriously with this will do better later anyway.”
Mu was happy for students to talk about the mathematics and the questions they were
doing. With regard to the students, Mu’s aims for the assessment was to encourage
students to “[think] about it” and to “keep them working”. She was keen for her students
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Figure H.6: Mu found the CAA effective enough for her main goals: to manage large-
scale assessment and getting students to practise using procedures. It was not effective
for assessing conceptual skills.
to routinely discuss the mathematics they were using: “I haven’t encouraged them in any
meaningful way, and I don’t know that I would active encourage [collaboration]. I don’t
care either way, really. Some people tend to work on their own, and some people don’t.”
H.3.6 Effectiveness
The CAA system accommodated many of Mu’s simpler aims for assessment, but she
acknowledged that it was not particularly suitable for her aims to test her students
to a deeper level. She believed other colleagues felt the same and that there was a
wider frustration with the system: “I think that the system that is there — everyone
is somewhat dissatisfied with with it.” However, she conceded, “But then, everyone is
somewhat dissatisfied with whatever the system is. It’s like no-one ever likes everybody’s
else’s textbook.”
Nonetheless, Mu conveyed mixed feelings with regard to the system, acknowledging that
it does satisfy some goals but that there was a desire for it to be able to do more: “I’m
not excited by it, but I’m satisfied with it, I suppose. Am I slightly dissatisfied? I don’t
know. I mean, there’s a sense in which, yeah, I could be.” As for the desire for the
CAA system to assess conceptual understanding, Mu said, “It’s hard [for CAA] to test
for deeper understanding of mathematical concepts, I think. But it always is, so I don’t
know if that’s a particular fault of these kinds of systems.”
Mu was satisfied that the CAA system was sufficient for four main goals. There is a
suggestion in what Mu says about the ways in which students might collaborate that it
is difficult to ascertain exactly how students act when undertaking the summative tests,
with some suspicion that cheating might have taken place without a realistic prospect
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Figure H.7: Nu used CAA within an assessment regime in which he sought to change
students’ interpretations of what it means to “do mathematics”. The CAA system
proved to be ineffective for this aim.
of it being identified. Without knowing for certain how the students acted, it would be
difficult to ascertain whether some of Mu’s aims for the assessment had been achieved.
Nonetheless, it remains that the CAA system was effective for Mu until an assessment of
students’ conceptual understanding was required. For this, Mu employed different forms
of assessment.
H.4 Nu
H.4.1 Subject
Nu was a lecturer in the mathematics department whose research background was in
mathematics. He had formed close links with members of the mathematics education
department at the studied institution and was familiar with and interested in sharing
good teaching and assessment practice.
His identity manifests in his commitment to the students on his course. He keenly
responds to module feedback and offers opportunities for individual feedback. This his
reflected in his belief that, “Ideally, [the students] should have a lecturer watching them
do the work and then comment on what they have seen.” He was a strong advocate of
small group tutorials that offered these opportunities.
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H.4.2 Object
Nu’s aims for assessment were to encourage students to practise, to expand and develop
students’ views of what it means to “do mathematics”, and to encourage students to
“learn certain things”.
He had a desire for students to experience mathematics to a deeper extent than is strictly
necessary for the course content. In order to achieve that, he offered a variety of different
assessment techniques, including an assignment in which the students had to “find and
correct five mathematical mistakes” in a given piece of text. He felt that students would
work only on assessment that they are given credit for, so he adopted assessment as the
opportunity to expand students’ experiences of what it means to “do mathematics”.
H.4.3 Tools
Nu started using the CAA system when he started teaching the module. It was already
established on the course and he continued that practice. When asked why he used CAA
on his course, he said, “Basically, because I’ve inherited it. That’s the first answer. But
also because it makes students practise.”
Like Mu, Nu felt that CAA encouraged students to practise but not always in the manner
that was intended. In particular, there were students that would put excessive effort into
CAA tests: “There are students who do it dozens and dozens of times — not very many
— but that happens.” Nu monitored how his students used the practice tests; he found
most students use the system responsibly but some patterns raised suspicions:
“Most students will do it once, twice, three times, but it still comes out to. . . I
don’t know. For me, it was a surprisingly high average of how many times
students do these tests. . . Sometimes, I look at the times [durations] that a
student has taken [to do the tests], and I’m a little suspicious about how they
could have done it. Certainly, for the numerical questions, I do suspect that
a number of those are answered by Maple.”
It was a particular strength of the CAA system that Nu was able to monitor his students’
working habits, something that he could not readily do with tutorial sheets:
“If I set tutorial problems, I don’t know what’s going to happen with them.
A number of students are going to do them, and a number of students don’t.
Basically, I have no way of knowing. With the CAA tests, I know that a lot
of students do them, and for that reason, I think it’s worth doing.”
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Nu was one of the few lecturers that helped to develop the tool. He wished to test his stu-
dents more deeply than the existing question bank was capable of doing. Consequently,
he wrote some new questions for the system with the intention of assessing some aspect
of the students’ conceptual awareness. However, he felt that the limitations of the sys-
tem meant that he could not pursue this approach of testing conceptual understanding
further:
“But that’s as far as I’ve been able to push it, in terms of getting towards
testing students’ conceptual understanding. Whereas, of course, in terms of
being able to do calculations, that works very well.”
H.4.4 Community
As well as being a member of the mathematics department, he also sometimes partic-
ipated seminars that were run by the mathematics education department, including a
series of talks addressed towards sharing and discussing mathematics pedagogy, assess-
ment and issues in learning. Although his research was not in mathematics education, he
was committed to learning more about lecturing and was willing to engage with others
to reflect upon and develop his practice.
As such, Nu was a member of staff committees in the mathematics department where
issues like assessment were discussed. This helped him to develop an awareness of how
CAA is used across the department and the practices that other lecturers had developed
and used.
With regard to CAA, he had discussions with the teaching coordinator and to the CAA
administrator about his practice and the developments he had introduced. This helped
him to become more aware of how his practice influenced the way his students approached
CAA. For example:
“A few years back, the teaching coordinator asked me to have a look at how
many students actually do that [the practice tests], and it turns out that they
do this quite a bit. There are students who do it dozens and dozens of times
— not very many, but that happens. Most students will do it once, twice,
three times, but it still comes to . . . a surprisingly high average of how many
times students do these [practice] tests.”
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Division of labour
In order to deliver CAA to his students, Nu used the services of the CAA administrator to
set the tests and to ensure that the system’s settings are as desired. Nu noted occasions
where he desired changes to be made to questions or to the system; he regarded the
administrator as reliable and able to make such changes:
“I don’t know what kind of files [the CAA administrator] still has for that.
But if I tell him, ‘This problem, this particular version, needs a correction’,
then he can do that. . . . But his answer has been, ‘It’s not a problem at all.
I can fix that.’ And he does that.”
He realised that his mathematics module was running at the same time as other math-
ematics modules. He talked with lecturers of these modules as a matter of course and
was aware that practices were different and that there was a case for consistency.
“We have discussed computer-aided assessment in [a committee] a number
of times and, in particular, we have discussed there to what extent students
might get help from other or get help from Maple [mathematical software].
. . .
I know, in [a concurrent mathematics module], or in some other modules,
the practice test goes away when the real test starts. I have considered that.
I can’t see a compelling reason to do that. But the students keep asking
me about when the practice tests will go away, probably because they do go
away in [the other module]. I think there probably is something to be said
for doing the same thing in both modules.”
Rules
Although Nu did not explicitly tell students that they are not allowed to collaborate
during the CAA summative test, he explained that he had put the departmental and
university policy on assessment and plagiarism on the virtual learning environment for
students to see and adhere to. When it came to CAA, Nu felt no need to enforce this
policy, since: “for 2.5%, I just don’t think it’s worth putting up a major police operation
to find out what students actually do.”
He felt that the policy was open to interpretation, however. Nu explained that the policy
related to written coursework submissions and that “the school coursework policy is that
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students are allowed to discuss the problems, but everybody must write up his or her
own solution. Now, for computer-based tests, of course, there isn’t a lot of writing up to
do.”
H.4.5 Contradictions
Although he was suspicious of this potential cheating, he remained unconcerned: “That
doesn’t worry me because these the basic calculations things that students will have to
master anyway. And they do.” He added, “The weighting of these courseworks is very
low. . . Each of these courseworks is 2.5%. Because it’s so low, I’m not really worried
where students take their answers from, as long as a sufficient number of students puts
in the work for to prepare for the test and learn from what’s there. If that’s happened,
as far as I’m concerned, the test has served its purpose.”
Invigilation would, perhaps, have solved Nu’s problems. But, as in Mu’s case, the cohort
was too large to implement invigilation in a straightforward manner: “I think it’s more
hassle than it’s worth, really, for a test of that size to arrange for invigilation. You know,
the groups are large. . . arranging invigilation for that would be a huge task. And I don’t
think that what we gain from it is worth the effort.”
Like many of the other lecturers in the study, Nu was unsure quite how students ap-
proached these assessments. When discussing collaboration, Nu conceded that he was
unaware how students acted during CAA testing and that his ideas of how students may
collaborate or cheat were conjecture: “They can, of course, collaborate in the sense that
they can have a group of five standing around while they are taking the coursework test
and they they could move onto the next person. I have no way of knowing whether that
happens. I think that, clearly, would be a violation of the coursework policy.”
Nu noted that CAA testing produced a grey-area in terms of the coursework policy.
While he believed that students gathering in that way would be cheating, some types
of collaboration may be considered cheating by the lecturer, but not in terms of the
coursework policy: “The School coursework policy is that students are allowed to discuss
the problems, but everybody must write up his or her own solution. Now, for the
computer-based tests, of course, there isn’t a lot of writing up to do.”
Nu recalled that there have been multiple instances in which such issues were discussed
at lecturer committees: “We have discussed these to what extent students might get help
from others or get help from Maple. Not everybody takes the relaxed attitude about the
computer-based [tests] that I do.” In one such meeting, Nu participated in a discussion
in which another lecturer had switched from a non-invigilated test to an invigilated one:
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“I do remember that we looked at the outcome, it was very striking that
marks had down noticeably compared to the non-invigilated tests. But we
came to the conclusion that we weren’t really sure if that was due to the
invigilation or whether it was due to the fact that they invigilated tests were
closed-book.”
Nu’s recollections revealed that there were more widespread concerns about CAA testing
between colleagues in the mathematics department. It is also apparent from both these
lecturers’ responses and Nu’s recollections of these meetings that there was no consensus
on the best practice and that lecturers’ practices varied. Furthermore, the extent to which
the lecturers were fazed by the problems that CAA presented differed: the lecturer in
Nu’s anecdote appeared to be concerned enough to change his practice, whereas the
lecturers in this study appeared to have established their practice and were sufficiently
content to maintain it.
A further point of note to consider is that the lecturers appeared to be reassured by the
lower marks that students were gaining from CAA as a result of the change of practice.
Perhaps this is an indication that it gave those lecturers more confidence in the system
that it would satisfy their aims. In particular, a lecturer that aimed to distinguish
between students based on their ability may have wanted to see greater variability in the
scores.
One conclusion that can be drawn from this is that there are lecturers for whom the
CAA system did not sufficiently satisfy their aims, which resulted in contradictions: the
lecturers were keen to continue using the system, yet they felt that the system was not
offering them what they desire to achieve at that time. For one lecturer, this proved
sufficient motivation to change his practice and to report his findings to the teaching
committee, where his practice would be shared and discussed. In this instance, the
outcome was that other lecturers were interested in the results, but were not convinced
by the cause of the change in marks. This further highlights the problem that lecturers
did not know with certainty where students obtained the answers to the CAA questions.
Nu echoed the views of Lambda, insomuch that he believed that the students were
being presented with familiar questions in the CAA tests. Lambda was concerned that
students would become context-dependent and consequently addressed his concern by
writing paper tests that introduced new contexts. Nu said, “Because I’m more or less
bound by low-level computational things, I end up asking the questions that students
expect to be asked, even though I’d much rather try to move away from that expectation
and change their view of what it means to do mathematics.” However, he added, “But
for that, there are other assignments in which I can do that.”
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In Nu’s case, this did not present as much of a problem. His primary aims were to
encourage the students to practise using their newly-acquired mathematical knowledge
between lectures and to consolidate their learning. An important part of this process was
to give students timely feedback, though Nu was not entirely satisfied with the feedback
that students received. He believed that the feedback was too static and did not respond
to the students’ answers: “There is a screen of feedback for each questino that comes up
if a student puts in a wrong answer. So, that’s not the level of detailed feedback you
might want to give, but that’s what there is, and that’s what we reasonably can do.”
Nu later expressed his concerns about the feedback in more detail, suggesting that it
might not be considered ‘feedback’ at all: “In a sense, it isn’t really feedback because it
doesn’t take into account what the student has actually done.” He also believed that the
feedback students were given “isn’t much more than a worked example, as you find in
the lecture notes.” As well as the feedback the system gave to students, he was the only
lecturer to comment on the feedback he received from the CAA data and noted that it
was difficult for him to establish how students went wrong in their tests: “All I have to
go by. . . is the one number that the student has put in. . . I have very little knowledge of
what the student has actually done.”
Although the feedback was not to Nu’s preferences, he offered students the opportunity
to get more feedback from him if they desired: “I do say to my students in the lecture
that that level of feedback is not what I would like them to have, and I encourage them
to come to me and ask for more feedback if they want it. That happens very rarely, but
two or three out of 250 are going to do it on every test.” Here, Nu acknowledged that
there was a consequence to offering additional feedback in that to do so takes time. Since
such a small number of students requested this feedback, it was not so much of a burden
on his time. Nonetheless, while CAA offered to save lecturers’ time by administering
feedback automatically, Nu remained committed to reinvesting his saved time to offer
feedback after perceiving inadequacies in the CAA feedback.
There were other problems in the system that caused Nu frustrations. There have been
occasions where there have been mistakes in the system — “embarrassingly, even in
problems that we actually have run for ten years, long before my arrival here, last year,
students did find mistakes.” There had also been problems in administering the tests
when Nu wished to limit how often students could attempt the test:
“The test is set up such that students can — in principle — do it as
many times as they like, and they get a score recorded the first time they
get a score. To some extent, of course, that means that they can choose
the questions they are given [by loading a new test without submitting a
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score]. . . In one year, I had asked [the technician] such that [the number of
times the test could be loaded] was limited to two.
“It turns out that runs into technical difficulties and I had dozens of
complaints. . . and I had to take care of that. . . I discussed that with the CAA
team and, basically, their answer was, ‘That can’t be, the students are lying.’
I’m not totally convinced of that, because I had, really, many students coming
in with a description of that problem.”
This suggested that Nu was not entirely trustful of the system — indeed, he trusted the
testimonies of his students more than the system and its administrators, despite being
somewhat suspicious of the actions of some of his students. This lack of trust may be
due to other points he raised regarding the CAA system, noting its age, the mistakes
that have been spotted and the limitations in the type of questions that the system could
ask: “The CAA is limited in the way that I can either set multiple choice or I can set a
numerical answer question. There are a couple of other possibilities on the system, but
if I really want to check students’ deeper understanding. . . then I need to say, ‘Explain
to me why.’ And that I’m not going to get. . . with the computer-aided assessment.”
It is also evident that Nu was somewhat frustrated by the fact that the changes he
had attempted to make to improve his trust in the system had not worked. He had
invested time in making changes to the system for this reason, which introduced another
contradiction. The CAA system was intended to save lecturers’ time, yet Nu recounted
this instance where he has expended time that transpired to be wasted.
Yet Nu expended time on the system in other ways: he was one of few lecturers that that
had attempted to write new questions for the system. He used mathematical software
to design a sufficient number of similar questions to satisfy the randomisation process.
This proved to be a significant burden on time, but allowed him to ask questions aimed
towards testing the students’ grasp of the terminology:
“I have put in a couple of questions. For example, there is one question
that says, ‘I’m going to give you two statements. One of these statements is
true. . . ’ Then I give a pair of statements, which say, ‘Given the matrix A,
the nullity of this matrix is 2.’ The other statement says, ‘The null space of
the matrix is 2.’ And with that sort of thing, at least I get access to students’
use of the technical terminology.”
Like other lecturers in the study, Nu used the CAA tests alongside other assessment
types to address all his aims for assessment. That the system could not be used to ask
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Figure H.8: Mu found the CAA effective enough for her main goals: to manage large-
scale assessment and getting students to practise using procedures. It was not effective
for assessing conceptual skills.
every type of question that Nu wished did not post a significant problem since other
assessments were more capable of this task: “ I can’t ask my students the questions that
I’d really want to ask in a [CAA test] coursework, so that’s why we have both.”
H.4.6 Effectiveness
Considering the effectiveness of the CAA system with respect to Nu, there are aspects
in which the system excelled but the nature of the feedback and the limitations in the
type of questions limit the scope of its effectiveness.
While the system proved effective for encouraging students to practise, Nu remained
concerned at their practice habits: in particular, he said, “CAA isn’t necessarily good at
making students practise the right things.” The feedback was also not to Nu’s desires,
and Nu remained concerned that the system was not completely reliable.
Although Nu was prompted during the interview to recall discussions he had had with
other lecturers, he was detailed in his recollection of the discussion that arose from his
colleague’s experiment with new practice. Although Nu gave no indication that he had
considered changing his own practice, it was clear that he maintained an interest in
his colleagues’ experiences. Nu had noted that he shared concerns about the system
with other colleagues, but was less concerned by their impact. Nonetheless, Nu was
particularly attuned to the contradictions faced by other lecturers in his community; yet
while other were changing their practice and reporting their findings, Nu was satisifed
with his practice and the steps he had taken to address those contradictions.
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Figure H.9: Xi wished to use CAA to offer students timely and encouraging feedback;
however, she found that the tool did not adequately assist her in this task.
Therefore, the fact that the CAA system was no longer effective when Nu intended to test
deeper understanding and to offer some more personalised feedback was not a problem,
since Nu employed other assessment types. Nu desired improvement in the system to
address the shortcomings but did not believe that it was viable with the current system.
H.5 Xi
H.5.1 Subject
Xi was an early-career lecturer in the mathematics department that had experience of
teaching in schools and whose research focus was in mathematical pedagogy.
Her research interests were in mathematical pedagogy and, most recently, at higher edu-
cation level. Before starting her career in research, she had been a teacher of mathematics
at secondary level. She acknowledged the importance of all three of these identities —
the lecturer, the researcher and the school teacher — when considering her teaching
practice with students now: she used phrases in the interview such as, “As a lecturer,
. . . ”, “From my own research” and, “Having been in schools, . . . ”.
Having these identities helped her to relate to her students in ways that some of the
other lecturers could not: she was teaching first year students that were adjusting from
school to university study. In this transition period, she was aware that students were
less likely to display frustration when they were failing to master the content:
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“I understand their frustration, having been in schools where pupils complain
a lot more visibly and get upset. But these students are adults now, and
they’re frustrated in the subject that they want to do well [in].”
Nonetheless, she believed that university should be quite distinct in the nature of learning
to what it is in school education. She felt that modules and persistent assessment were
somewhat against how she viewed university education:
“I don’t want university education to be regimented. I think it must be cre-
ative enough, individual enough and self-motivating enough. It must reward
those who have been going out of their way to spend time studying their
subject. And if you test too much and straitjacket students into focusing
on assessment all the time, producing projects and coursework, I think it’s
against the nature of a university education, or what I think it should be.”
H.5.2 Object
Like many of the other lecturers, Xi wanted to achieve many things in assessment. As
well establishing the knowledge that her students have acquired, she wanted to offer a
means of acquiring motivating and useful feedback. An assessment that offered such
feedback would also help to develop their confidence. However, with her time split
between research and teaching, she realised that she needed to make time savings: she
did not wish to spend too much time on assessment.
H.5.3 Tools
Xi used CAA with her students in Engineering Department G. She operated an invig-
ilated CAA test that followed a period of free access to the practice tests in the same
manner as Kappa. Her reason for doing this was from her aim to provide a fair and
equitable assessment for her students, since she was concerned that some students would
gain advantage from the lack of invigilation: “I could not really let them take it outside,
because I could not be sure if it was fair, in the sense of some used materials and some
didn’t.”
Like other lecturers, Xi conceded that it was a concern that she would not be able to
monitor how students undertook the summative test if it had not been invigilated: “I
didn’t want them to take it in the halls of residence or with friends, because you never
really know about it then if I’m not there.”
Appendix 252
Xi was keen to use CAA with her students to offer them opportunities to practice, address
their weaknesses and consult with their peers. Her view was that the practice tests
allowed students to take an independent and mature approach to addressing problems:
“A practice test is not just practising getting the right answers, but under-
standing what the questions are, how to go about them and — if they have a
problem — to find out what it is they have a problem with.” This was part
of a wider strategy to foster the transition between school and university
learning; she desired that students made good use of the resources available
and to manage their own learning. She said, “I don’t mind if they ask their
teacher, their friends, their parents, anybody; consult books — as long as
they find out where they’re going wrong and to improve their own scores.”
H.5.4 Community
Xi seemed to regard the students as part of the community in her activity of assessment,
more so than the other lecturers. She discussed the impact of her decisions for assessment
on her students more than the other lecturers and this was a constant theme throughout
the interview.
She was keen to engage with her students in discussions, noting that, “If you start listening
to the students, they start complaining!” That is, Xi was aware of many of the problems
that the students in the study presented. One such issue was the nature in which marks
were awarded:
“There were complaints each year about students feeling that they didn’t
get enough marks for the amount of mathematics that they knew. They were
frequently failing on the detail, on the mathematical details and carrying out
integration and differentiation and getting no marks, even though they were
doing the right thing.
“They knew it was an integration by parts [problem], but were failing to
put a factor in here or there, or an angle was missing. They got no marks
out of the work.”
Xi appeared to be more attuned to her students in terms of the way they worked on the
CAA tests and how they felt towards the system. Of all the lecturers in the study, only Xi
had talked to students about these issues. When asked how her students collaborated in
the CAA tests, she said, “I sometimes have found out informally when I talk to students
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in tutorials. But I wouldn’t know in detail, but they definitely are working together in
different ways. I have heard in round-about ways and through my own research that
students, if they live together in halls in the first year, they tend to be near each other,
room-wise; so then they will start talking about the work then.”
Division of labour
Since students were an integral part of the community in Xi’s assessment, she contended
that they had an important role in their own learning and that one purpose of the
first year of university education is for students to acquire a sense of autonomy and
self-direction for their studies:
“I suppose it’s part of the first year. . . . They’re all new to the university and
I think it’s [her advice to students] an attempt to get the message across that
they should be making collaborations, making friends, and discussing work
is ok.”
Although she did not feel that other lecturers had much influence on the way she used
CAA and assessment, Xi continued the practice of the previous lecturer of her module.
While there was an administrator for setting CAA tests, Xi suggested that she selected
the questions herself. Therefore, the CAA system offered a division of the labour of
assessing students, however she might have saved more time had she approached the
administrator.
“There used to be quite a bit of work involved in setting it up, because you
used to go on a computer and select the questions, which were all pre-given.”
While the CAA system handled the questioning, Xi lamented the limitations it had:
“The downside is that I have very little say, really, in what is being tested and how it is
marked.” So while the tool offered to divide some of the labour of assessing students, Xi
felt that it did not do so adequately.
Rules
Xi was more keen than other lecturers to encourage collaboration between her students.
This was particularly the case in this first-year module since she believed that acquiring
sufficient knowledge of the material is necessary for the students’ success in future years:
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I’ve told them to use whatever means they have, including fellow students,
. . . because I suppose it’s part of the first year . . . so they’re all new to the
university, and I think it’s an attempt to get the message across that they
should be making collaborations: making friends and discussing work is ok.
Some of them arriving here are quite isolated.”
While most of the lecturers had suspicions of cheating, Xi had evidence of students
cheating when she had run the course in the past: “In the first one or two years, some
students did abuse that [the invigilation] and took the test outside of invigilation. So, I
had some attempted cheating.”
H.5.5 Contradictions
This was contrary to how Xi would have marked it herself; she felt that marking in this
way was harsh and demotivating: “If I had hand-marked that work, they would have
got a higher score, because I would have marked for the correct procedure used and
been lenient with some of them on the detail. Now, the CAA test doesn’t do that. . . In
retrospect, with these weaker students they were getting scores of around 40%, which is
very low for CAA testing. Usually you expect seventy, eighty, ninety per cent.”
This proved to be an unresolved contradiction for Xi, as she continued to be remorseful
as students became upset with their scores. She acknowledged that her students were
under significant external pressures to succeed and that the CAA system proved to be
somewhat of a hindrance to some students’ aims. She noted that, “it’s just the whole
wider context of studying in the UK and in a time of high unemployment, even for
graduates. So they need to do well.”
She felt that the system better suited those students that had grasped the material
quickly and were able to achieve high scores: “I’ve come to conclude that CAA testing
advantages the better students, even though it’s a nice tool to practise questions for
the weaker students. They gain a lot of confidence if they’re getting it right, if they’re
getting good feedback. When it comes to a one-off coursework assessment, if they’re
nervous or if they forget, or they’re missing something here or there, they’re ending up
with zero. And so, I came to the conclusion that it benefits the stronger students and
not the weaker students.”
She added that, for the stronger students, the feedback was useful for identifying exactly
where they went wrong when carrying out a procedure; however, for weaker students
who were struggling to carry out the procedures correctly, the feedback was less useful:
“The weaker students who would call me over say they did this work afterwwards and
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Figure H.10: Xi’s main aims were to provide timely yet encouraging feedback to
students so that they gain confidence and progress. She found that it did not do so for
weaker students.
showed me correct working on two pages, having gained no mark and being quite upset
about the fact that they had struggled really hard to get on top of the mathematics.”
This was a signification contradiction that Xi faced: she had particular concern for the
weaker students since she felt that these students were the least confident and most
likely to be discouraged. To that end, she felt that it would be “wrong” to label the
CAA system as a good assessment. She noted that she had used project work as another
means to test her students, which perhaps alleviated this contradiction — as it had for
other lecturers — however, Xi did not mention this in her interview.
She continued to detail how the system made her “feel bad”:
Initially, I was quite happy doing it, because it was very little work. It was
easy. Coming in [to teach this module], it was prescribed — just pick a few
questions. It took me half an hour. No marking. Four tests that way. but
when I get it back from the students, I feel bad because I understand their
frustration, having been in schools where pupils complain a lot more visibly
and get upset. But these students are adults now, and they’re frustrated in
the subject that they want to do well.”
H.5.6 Effectiveness
While the CAA system satisfied her aims for assessment with respect to her workload,
Xi felt that it was not adequate for her aims with respect to encouragement and progress
for her weaker students. The CAA system provided a means to give her students the
opportunity to practice and to present some of the kid of questions that she wished for
her students to be able to answer; however, the system sometimes lacked in this regard,
too. Furthermore, like many of the other lecturers, Xi felt that the time investment
required to develop new questions made doing so not worthwhile.
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Figure H.11: Omicron had two aims for assessment: to encourage students to practise
and to give marks to students. The latter aim was imposed by the community rules.
She felt that the CAA system questions were not sufficient for her needs.
Nonetheless, towards the close of the interview, Xi remarked about the intention behind
the development of the CAA system, which she believed was for the assessment of large
groups and providing feedback. She seemed content to continue using the CAA system
despite the contradictions she faced.
When asked whether the CAA system is effective, Xi believed it was not. She said, “It’s
not. Maybe it could be better, depending on how it’s used. But the way I use it, the way
the questions are formulated, the way the students view it, it’s not effective for what I
would like in terms of outcomes.”
Xi was the only lecturer to state that the system was not effective, and since she related
effectiveness to the fulfilment of outcomes there is little doubt that the assessment was not
effective for her aims. However, Xi continued to use the system with her students. This
continued to be an unresolved contradiction with no clear indication as to how Xi would
act to resolve it. She indicated that she felt she had little option. There remained a need
to assess her students and allow them to practise and receive feedback; furthermore,
the time saved with these assessments meant that she was able to spend more time
on administering other aspects of the course — not least the project assessments that
demanded more time.
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H.6 Omicron
H.6.1 Subject
Omicron was a mid-career lecturer in the mathematics department whose research ex-
pertise was in pure and applied mathematics. While she was primarily a lecturer and
researcher in mathematics, she maintained close ties with the mathematics education
community at the same institution. Therefore, while she was not primarily concerned
with mathematics pedagogy research, she was interested in sharing good practice.
Although it is possible she maintained two identities — as lecturer and as researcher —
there was not any evidence of conflicts arising between them in the interviews.
H.6.2 Object
Omicron described her aims for assessment in her own words:
“There are two reasons for giving an assessment. The first reason is to mo-
tivate the students to learn the material, and the second reason is that we
are required to give a number to each student, indicating how well we feel
they’ve done in learning the material. . . I think most teachers are much more
interested in the first thing.”
While she felt an obligation from others to award marks, Omicron made it clear that it
did not interest her, describing it as “extremely irritating”. Thus part of the object of
her activity was imposed on her by the community of her activity. While this had an
impact on the types of assessment she used with her students, she also aimed to provide
assessment students that was convenient and motivating.
H.6.3 Tools
For this reason, she maintained her use of CAA. Her purpose for the system was primarily
for students to monitor their own progress and they could do so at their own pace
and leisure. She also understood the reasons why she believed the students liked the
system: as well as the convenience, there is a familiarity with the type of questioning
they encountered pre-university — “it’s comforting for them, it’s more like what they do
at A-Level”.
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Omicron was eager to make the assessments as convenient as possible so that students
were able to access the tests when they most desired to. She was aware that students
were pressured for time:
“They have so many courseworks in their first year. I think they’re over-
assessed a bit. Or, at least, they may not be over -assessed but none of the
assessments start until week three, and that’s when they all get cramped up:
especially certain weeks, they get really quite intense.”
The CAA system was part of a wider assessment strategy for Omicron. She was aware
of the shortcomings of the system in terms of assessing conceptual understanding and
ensure that students were tested on a breadth of skills: “I want them to be able to carry
out the procedures. I want them to be able to do the conceptual things. I just test
the procedures through the computer courseworks [CAA tests] and I test the conceptual
things through written courseworks. It’s by design, partially, that I’ve done it that way.”
She also said, “I’ve intentionally chosen more procedural questions for the computer-aided
assessment.”
H.6.4 Community
Omicron described her position in the activity of assessment as though she was a member
of the community in the students’ activity of learning. Her practice for assessment was
motivated by her consideration of students’ aims.
For example, when asked if she might stop using the CAA system — after having dis-
cussed lecturers that had stopped using CAA — the reason she gave for not doing so
was related to the students:
“I don’t think so. I don’t think so because I think that the students find it
comforting.”
She was concerned that students are in a process of transition as they become accustomed
to university learning; offering CAA was one way of facilitating this transition. For her,
CAA eased students towards taking responsibility for their own learning and managing
their learning time.
Omicron believed that it was important for the students to be able to carry out procedures
and to understand the work that they were asked to do. Therefore, she was keen for
students to practise and collaborate: “I think for the students to collaborate on things
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it’s helpful for everyone. The strong students learn it better if they explain it and the
weaker students learn it better if they’ve had it explained more times.”
She was cautious that students might not always collaborate effectively: “If [they] do
everything in a collaborative way and they never really check that they themselves have
understood it, then they don’t know if they themselves have learned or understood
it. . . It’s quite different to do something in a group and understand what they are saying
when they are saying it; but that’s very different from being able to come up with those
steps yourself.”
Although Omicron was not clear how students worked on the tests, she had views on
how students should work to get best results: “Ideally, in the practice tests, what I would
do us have them collaborate for a time and then check some on their own to make sure
they really understood it by themselves, before they carry on to coursework [summative
test].”
Omicron rarely experienced students asking for support from her, in both tutorial sessions
and in the mathematics support centre. She was aware, however, that students sometimes
discussed the tests between themselves during tutorials.
She had discussions with other lecturers about CAA practice: some used CAA and others
did not. She had talked to Nu about developing questions for the system and to other
lecturers (including Mu, who taught another part of the module) about the use of the
system more generally. It seemed that these discussions had little impact on her practice,
though she suggested there was some consensus that the CAA system should be changed.
Omicron mentioned towards the end of her interview about discussions she had had
with a colleague that had been using multiple choice questioning. She suggested that
she would be interested in developing more resources for the system, using research to
inform her contributions, if she had been given suitable resources:
“I have a friend. . . who was teaching quite large service courses for a while,
and off his assessments were multiple choice. i talked to him about that,
and he had some really interesting comments on it: about how to design
multiple choice questions in such a way that partial credit was meaningful;
that somehow some wrong answers were better than other wrong answers.
So, I think there’s quite a bit of interesting research out there, and. . . if I am
one of the people who is put in charge of figuring stuff like this out in the
future, and if I’m still teaching [the same module], then I think I’m going to
want to go into the literature a little bit and take a look at some of those
thing, like what are effective techniques.”
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In this quote, Omicron shares a feeling of uncertainty about her status as a teacher of
this module, which was in the hands of her department. She had mentioned earlier about
a potential restructuring of the mathematics course in the first year. She was concerned
that making changes at that stage would have been a waste of time if the course was
soon to no longer run:
“If it turns out that [this module] continues and I’m continuing to teach it,
then I’ll figure out some way, put in a grant or something. . . find some way
to develop new [questions]. . . . At this point I don’t know what’s going on,
so I don’t have any plans [to make changes] at the moment.”
Division of labour
Omicron acknowledged the work of a colleague who had set up the system some years
before and Nu’s work in attempting to develop new questions for the system. However,
Omicron felt that the system needed a significant investment in time in order to be able
to provide the tests that she wished to give to her students.
She also acknowledged the place of her students in the community of her activity, though
she regarded her role as a facilitator in the students’ activity of learning. For her, students
should be learning to take responsibility for their own learning and acquiring agency that
had been previously held by the teacher.
Rules
Omicron communicated the need to abide by the expectations of her department, and
in education circles more generally, to provide an outwardly fair mark for each student
based on how well they were doing on the course. She did so, though she expressed that
it was somewhat of an annoyance when there were other objectives for assessment that
she desired to achieve.
Like other lecturers, Omicron was encouraging of collaboration but felt that her students
might not always collaborate effectively. She was less concerned that students would
plagiarise than other lecturers — her primary focus was to encourage students to practice
using and communicating mathematics — and she felt that collaborating was, overall, a
benefit to her students.
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H.6.5 Contradictions
There were aspects of the system that Omicron mentioned during the interviews that
indicated an on-going contradiction with her use of the CAA tests. She expressed a
desire to make changes but these were not realistic: “Of course, there are things that I
would like to be able to put on there that aren’t there, and to develop a new question
under the current system is quite onerous.”
She was keen to make more expansive changes to the system, including an overhaul of
the existing bank of questions: “I would love to change the bank of questions and so on;
that is quite a labour-intensive process that I frankly don’t have the time for.”
Omicron was also interested in changing the system itself and had made enquiries re-
garding new CAA systems and the feasibility and affordability of implementing a new
system. She believed this desire for change was shared with other lecturers: “I think
that other lecturers also feel that a change of system is necessary — at least, from my
discussions with them.”
This demonstrates that Omicron was keen on the benefits of CAA, but the contradictions
that she faced would be overcome by a change in the CAA system. She was particularly
keen on giving students the opportunities to practise, which believed was a particular
strength of CAA: “Repetition is the way that you just get that stuff automatic in your
mind. And so, I think that this is the best way that we have of presenting to the students
several examples — similar examples — that they can just do enough repetition of it
that they begin to see how to do it.” While the system in use provided such a facility,
Omicron believed that the questions were not sufficient for her means.
H.6.6 Effectiveness
Omicron said there were two reasons for setting an assessment: “The first is to motivate
the students to learn the material, and the second reason is that we are required to
give a number to each student, indicating how well we feel they’ve done in learning the
material. . . I think that most teachers are much more interested in the first thing, of
getting students to understand the material. . . ” She offered this insight into her beliefs
for setting assessment as a means to indicate a contradiction. It was an indication that
she believed that the CAA system ultimately “gives a number to each student” and does
not necessarily “motivate the students to learn the material”, at least in the manner that
she intended.
Although Omicron primarily wished to use CAA to help students monitor their own
progress, she believed that an assessment would be effective “if it has caused the students
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Figure H.12: CAA was effective for Omicron’s two main goals for assessment; however
she felt the questions were not challenging enough to get a good appreciation of her
students’ conceptual knowledge.
to absorb the material that you feel is most important.” In this respect, Omicron believed
that the CAA system could be used effectively and that her practice was such a way.
With respect to her aims, the CAA system proved reasonably effective: the practice
tests offered the opportunity for practice and repetition; the students could monitor
their progress and establish their weak areas to improve upon. She felt that the students
liked the CAA tests because “that’s what they’re accustomed to. I think that’s part of
the reason it’s comforting for them, it’s more like what they do at A Level.”
While Omicron believed that students were confident with and motivated by the CAA
tests, the questions did not post sufficient challenge for her students since their conceptual
understanding was not adequately tested:
“The difficulty of the undergraduate curriculum for students is that they’re
being asked to move beyond procedures and methods.”
Thus, for Omicron, the students were tested on necessary procedures, but it was the
conceptual understanding that was more important to capture in assessment. This on-
going contradiction was the motivation for Omicron to look into other CAA systems
to establish what facilities they could offer that cannot be achieved with the current
system.
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